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INTRODUCTION
The major constituent of plant cell-walls is cellulose.
The long threadlike maeromolecules of cellulose are ari'anged in
■bundles which in certain areas are so well organised, due to
hydrogen bonding between free hydroxy1 groups in the (1 - k) -
linked glucopyranose residues of adjacent molecules, that cryst-
allinity is observed (l). Other areas are more amorphous in
nature and appear to be rich in lignin and non-cellulosic
polysaccharides known as 'hemicellulose'. The exact role of these
polysaccharides is not known, for while they undoubtedly have a
strengthening effect on the cell-wall, many appear to be concerned
with metabolic processes.
In spite of much work, the question of whether there is
a lignin-hemicellulose linkage is still not settled (2). While
many investigators believe that the differences in solubility of
these polysaccharides before and after extraction is due to chemical
combination with lignin (3-9), others believe that the differences
can be ascribed\to a physical restraint which the individual
polymers impose on the solution of each other and especially to
the restraint which lignin imposes on the polysaccharides by inter-
penetration (10 - 12).
Recent evidence in favour of the first theory has been
provided by Lindgren who examined electrophoretically a lignin-
containing /
2.
lignin-containing polysaccharide from Norway spruce (13).
Nelson, and Schuerch, however, have shown that the quantity of hemi-
cellulose which can be extracted from birchwood increases as the
material is ground up and decreases as the cell-walls are swollen
<1U).
Extraction
Before the hemicellulose in wood can be extracted, lipids
and resins must be removed and this is best done by extraction
with an azeotropic mixture of benzene and ethanol (15)» Water-
soluble hemicelluloses such as larch arabinogalactans and low
molecular weight carbohydrate material can then be extracted with
hot or cold water. As lignin retards or prevents the complete
solution of the alkali-soluble polysaccharides, the material is
delignified prior to polysaccharide extraction. This is done by
rendering the lignin water-soluble by mild treatment with chlorine
(16), sodium chlorite (17) or chlorine dioxide, pyridine and water
(18). The material left, known as holocellulose, usually contains
about 5% lignin but this does not seem to interfere with the
extraction of the hemicelluloses.
The usual extractant is aqueous sodium or potassium
hydroxide although sodium carbonate solutions have been used (19,20).
The holocellulose is repeatedly extracted with increasing
concentrations of extractant (up to 17.5% for sodium hydroxide)




The hemicellulose extract will, in all probability,
contain several polysaccharides, and before structural studies
can begin the extract must first be fractionated into its
component polysaccharides. Heterogeneity may arise from (a)
polysaccharides with different structural units (b) polysaccharides
with the same structural units but present in different proportions
(c) polysaccharides with the same structural units but linked in
different ways (d) polysaccharides with the same repeating units
but with different molecular weights,
The most common method of fractionation is fractional
precipitation, with organic precipitants, of the polysaccharides
(21) or their methylated (22) or acetylated (23) derivatives.
Another method is graded precipitation from an aqueous solution
by the addition of ammonium sulphate (2k)•
Many polysaccharides form insoluble salts or complexes
with copper (25-28) and cetyltrimethylarnmonium bromide (29,30)»
The latter was first used to fractionate acidic polysaccharides,
but recently the method has been extended to neutral polysaccharides
which form complexes with boric acid (31)♦ By using the corres¬
ponding base, cetyltrimethylammonium hydroxide, as precipitant on
the polysaccharide-boric acid complex, Bouveng and Lindberg have
separated /
separated two neutral arabtnogalactans from Western larch (32;•
This procedure has since heen used for the fractionation of
Japanese larch arahinogalactan (33)»
A newer method for polysaccharide fractionations is
chromatography on ion-exchange cellulose such as diethyl amino
ethyl - (D.E.A.E) - cellulose (3U)» and ECTEOLA - cellulose (35).
These ion—exchange celluloses, in various forms (phosphate, borate
etc.) retain acidic polysaccharides but not neutral polysaccharides
at neutral pH values, and by using suitable eluants at differing
pH values and electrolytic eoncentratins, many polysaccharide
mixtures have been fractionated (36). Recently, separations of
acidic mucopolysaccharides have een effected by ion-exchange
chromatography on D.E.A.E. Sephadex (37). This process is now
being extensively used in the protein field and it should prove
to be a valuable technique for effecting and assessing polysacc¬
haride homogeneity.
The fractions obtained by one of the above methods are
then examined for homogeneity by chromatography, electrophoresis
or ultracentrifugation. Preece and Hobkirk have fractionated,
on an analytical scale, several cereal water-soluble polysaccharide
mixtures by electrophoresis on filter paper in borate and acetate
buffers (38). Better results are obtained when glass-fibre paper
(39) is employed as the inert support, as filter paper tends to
complex with the polysaccharides and detection of the polysacch¬
arides is difficult, due to the cellulose in the paper. Using
this modification, Smith has shown that many polysaccharides which
were /
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were assumed to "be homogeneous appear to "be heterogeneous (l+O)*
A method less frequently employed is ultracentrifugation
<U1). It is, however, particularly useful in determining the
homogeneity of fractions from a mixture of polysaccharides of
different molecular weights and was used by Lindberg and Bouveng
in establishing the homogeneity of two arabinogalactans from
western larch (32).
The most common polysaccharides found in hemicellular
extracts are xylans, glucomannans and arabinogalactans. On
hydrolysis these give rise to D - xylose, D - glucose, D - mannose,
D - galactose, L - arabinose, L - rhamnose, D - glucuronic acid
and h-O-methyl - D - glucuronic acid.*** SSS
Xylans
This group of polysaccharides is frequently found in
cereals, grasses and woods. They all have a similar backbone
composed of (1 - 4) - linked p - D - xylopyranose residues.
* 33
The xylans from cereals and grasses are characterised
by the presence of L - arabinofuranose residues, linked to the
backbone as single-unit side-chains, usually to position C 3 of
D - xylose. In many cases, however, D - glucuronic acid or ij. - 0 -
methyl - D - glucuronic acid or both are also present. These acid
groups are usually attached to the xylan backbone by a (1 - 2) -
linkage, although in one sample of wheat straw xylan (U2) the
acidic /
6.
acidic residues are linked to the £ - xylose units by a (1 - 3)~
linkage and, in addition to the normally occurring (1 - 2)~ linked
aldobiouronic acids, an aldobiouronic acid containing a (1 - 4)-
linkage has "been isolated from corn cob xylan (43)» A few cereal
xylans contain non-terminal in addition to terminal L - arabino-
furanose residues (44 - 51 )• In most cases there is yet
insufficient evidence to show whether the^eacid-labile residues
are attached directly to the main chain (1) or through one or
more xylose residues (11).






















Where it has been possible to differentiate between
the two structures, structure (l) is favoured.
Xylans from hardwoods are characterised by the presence
of h - 0 - methyl - D - glucuronic acid residues. These acid
groups are attached as single-unit side-chains to approximately
every tenth xylose residue in the main chain by a (1 — 2)— linkage.
A xylan from trembling aspen was at one time thought to contain
L - arabinofuranose end-groups (52) but a later publication has
shown that an arabinose - containing polymer was present as a
contaminant (53) and it is now thought that the hardwood xylans
are devoid of arabinose.
The xylans from softwoods are characterised by the
presence of both U - 0 - methyl - D - glucuronic acid and L -
arabinose. As in the hardwood xylans, the acidic residues are
present as single-unit side-chains and are attached to position
G 2 of the xylose residues. The proportion of acidic residues
is higher than in the hardwood xylans, these being approximately
six xylose units present per acidic unit. The L - arabinofuranose
residues could be attached either directly to the main chain or
through one or more xylose residues. Where it has been possible
to distinguish between these two possibilities, the evidence has
always favoured direct attachment with the arabinose units linked,
as in the cereal xylans, to position G 3 of the xylose residues.
In a few cases (5k ~ 58) there have been reports that
not all the D — glucuronic acid units in the wood xylans are
substituted at position C h with 0 — methyl groups. However a
recent /
8.
recent publication (59) has shown that the h - 0 - methyl - D -
glucuronic acid residues are slightly demethylated under the
conditions norma2ly used for hydrolysis of these polysaccharides®
The general structural features of "both the cereal and
wood xylans are shown in structure (ill).




R' a Arafl - or Xyl1-2 Arafl
RH » i+ - Me — GA 1- or GA 1 -
Glucomannans
Polysaccharides containing 3>mannose and D- glucose as
£m
their main structural units occur in the seeds of various land
j lants and in woods, particularly the coniferous woods. The poly¬
saccharides are essentially linear with "blocks of (1 - 4)- linked
/3-D- mannopyranos e residues separated "by one or more (1 - k)-
1inked ft - D- glucopyranose residues. There are indications
however, that two Norwegian spruce glucomannans (60, 61) and a
glucomannan from spruce pulp (62) may be branched.
A characteristic feature of the softwood glucomannans
is the presence of non-reducing D - galactopyranose end-groups.
In many of these glucomannans the galactose residues constitute
approximately 20 molar % of the polysaccharides, while in others
only trace amounts are present. In the galactose-rich glucomannans
(galactoglucomannans) /
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(galactoglucomannans) the D- galactose residues are attached as
single-unit side-chains by a (1 - 6) - linkage to mannose, and
probably glucose units, in the main chain. It is not yet known
whether the galactose residues in the glucomannans which contain
only trace amounts of galactose are attached directly to the main
chain or through one or mors mannose and/or glucose residues.
The general structural features of the glucomannans are
shown "below (IV)„
k Mann 1- k Mann 1 - k Glu 1 -
6





Polysaccharides containing D - galactose and L - arabinose
occur in many coniferous woods and are present in largest proportion
in larch woods. These water-soluble arabinogalactans are all highly
branched with (1 - 3)- and (1 - 6)- linked ft - D- galactopyranose
residues. The arabinose units are always situated in the periphery
of the molecule. Although the proportion of arabinose varies from
wood to wood, no galaetans devoid of arabinose residues have been
isolated.
The most extensively studied arabinogalactans, or
% - galactans, have been those from various larches, particularly
Western larch (Larix occidentalis). European larch (Larix decidua)
and /
10
and to a lesser extent Japanese larch (Larix leutolems).
estern larch
Western larch £ - galacten was first studied in
detail by White (63-66). The polysaccharide was fully methylated
and methanolysis followed by fractional distillation gave the
methyl glycosides of 2, 3* 4* 6 - tetre-0 - methyl - D-galactose
(2 moles ), 2, 3* 4 - tri - 0 - methyl - D - galactose (1 mole),
"CM
2, 4 - di - 0 - methyl - D - galactose (3 moles), and 2, 3* 5 -
tri - 0 - methyl - L - arabinose (1 mole), indicating that the*""* 35
polysaccharide was highly bi'anched with a galactan framework
composed of (1 - 3)- and (l - 6)- linked I) - galactose residues
(63). Quantitative analysis (63) gave the molar ratio of D -
galactose to L - arabinose as six io one, and since only one species35
of methylated arabinose was found, White suggested that all the
arabinose units were present as non-reducing furanose end-groups.
Partial methanolysis of the methylated £ - galactan
yielded in addition to the methylated methyl glycosides already
mentioned, the methyl glycosides of
6 - 0 - (2,3,^,6 - tetra - 0 - methyl - D - galactopyranoqyl) -
2,3,4 - tri - 0 - methyl - D - galactopyranose (V) and
6 - 0 - (2,3*4*6 - tetra - 0 - methyl - - J) - galactopyranosyl) -
2,4 - di - 0 - methyl - D - galactopyranose (VI), indicating the

















Gal 1 - 6 Gal 1 -
(VII)




The degraded methylated polysaccharide gave on
methanolysis the methyl glycosides of 2,h - di - 0 - methyl -
D - galactose (6 moles) and 2,3,h»6,- tetra - 0 - methyl - I) -
galactose (1 mole). The degraded material was remethylated and
after methanolysis, the methyl glycosides of the following sugars
were isolated 2, 3, bp 6, - tetra - 0 - methyl - D ~ galactose
(i+1.5 moles %), 2,3tk - tri - 0 - methyl - JD - galactose
PPM
(18.7 moles %)f 2, h, 6 - tri - 0 - methyl - 3D - galactose
(7*8 moles %) and 2, b - di - 0 - methyl - D - galactose
(31*8 moles %). The large amount of 2,3,U - tri - 0 - methyl -
I> - galactose compared with the 2,h»6 - isomer suggested that most
of the 2,b - di - 0 - methyl ~ D - galactose residues in the unde-




Arabinogalactan was partially hydrolysed under very
mild acid conditions in order to remove most of the arahinofuranose
residues with relatively little modification to the galactan
framework (65). The resulting degraded polysaccharide was methy¬
lated and on methanolysis the methyl glycosides of 2,3,1+, 6 - tetra -
0 - methyl - 3g galactose (2 moles), 2,3>*+ - tri - 0 - methyl - D -
galactose (1 mole), 2,1+,6 - tri - 0 - methyl - D - galactose
(2 moles) were isolated. The appearance of 2,!+,6 - tri - 0 -
methyl - D - galactose together with the decrease in amount of
2,1+ - di - 0 - methyl - D - galactose Indicated that the L -
arahinofuranose residues were attached to position 06 of (1 - 3)-





On the "basis of these results White proposed the
following structure i~











R = Gal or Araf
The /
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The arabinogalactan from Western larch (32,67-70)
has recently "been studied hy Bouveng and Lindberg. They showed
that under mild conditions of hydrolysis two disaccharides,
3-0 -ft - L — arahinopyranosyl - L - arabinose (X) and
6 - 0- /3 - galactopyranosyl - D - galactose (XI) were
released (67).
Ara p 1 - 3 Ara Gal 1—6 Gal
(X) (XI)
The isolation of the arablnobiose conflicted with
White*s methylation results which had shown no indication of
either non-terminal arahinose units or terminal arabinopyranose
residues. The ease of removal of the galactobiose suggested
that some galactofuranose residues were present. This, however,
has not been supported by methylation evidence (32,69) and it is
now thought that a portion of the (1 - 6) - galactopyranose
linkages are weaker than others due to steric factors (68).
In a later publication it was shown that £ - galactan
from the heartwood of Western larch could be separated into two
arabinogalactans (A and B) by fractional precipitation of the
polysaccharide - boric acid complex with cetyltrimethylammoniura
hydroxide (32). The two fractions differed in sedimentation
velocity and electrophoretic mobility but had approximately the
same composition. The molecular weights were of the order of
100,000 for fraction A and 16,000 for fraction B. It is of
interest to note that in ultracentrifugal studies on European
larch £ - galactan, Mosimann and Svedberg found two components
with /
14*
v/lth similar molecular weights (2i). When arabinogalacton A was
subjected to prolonged mild acid hydrolysis to remove the arabino-
furanose residues, two polymeric galactans were released (68).
The two fractions (A* and Aw) had different eleetrophoretic
mobilities and could easily be separated by fractional precipit¬
ation with eetyltrlmethylammonium hydroxide on the galactan-boric
acid complex. Methylation studies on both subfracticns showed
that they contained the same types of linkage but in different
proportions. This suggested that the two galactans had originated
from two polysaccharides. It is possible however, that both
fractions corresponds!to two fragments of the same molecule which
were joined together by a weak galactopyranose llnjcage of the type
already mentioned. Arabinogalactan B was degraded in the same
manner to yield a single component with the same electrophoretic
mobility as the original polysaccharide.
The major (A) f action and the minor (B) fraction were
both methylated (32,69) and a comparison of the methyl ethers
Isolated from each fraction (Table I) showed that both polysacc¬
harides had similar galactan frameworks. The arrangement of L -
arabinose units however was rather different. In fraction A, two
thirds of the L arabinose was present as terminal non-reducing L -
arabinofuranose residues and one third as 3 - 0 -/^- L -mm mm
arabinopyranosyl - L - arabinofuranose residues. The amount of
3-0-/2-L - arabinopyranosyl - L - arabinofuranose was higher
in fraction B and since there was an excess of 2,5 - di - 0 - methyl -
L - arabinose over 2,3,4 - tri - 0 - methyl - L - arabinose, Bouveng
suggested /
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suggested that some of the arablnose could he accommodated as
3 _ o — ft - L - arabinofuranosyl - L - arabinofuranose residues#
The isolation of 2 - 0 - methyl - D - galactose and 2,6 - di - 0 -
methyl - D - galactose strongly indicated the existence of (1 - U)~
linkages, although their presence could he due to incomplete
methylation or demethylatlon during; hydrolysis.
On treatment with sodium periodate followed hy a
phenylhydrazine and acetic acid degradation as described hy Barry
et al. (71)» arahinogalactan B gave glyoxal his phenylhydrazone,
glyceroosazone, L - arabinoosazone and a polysaccharide fraction
from which one third of the non-oxidisable arahinose residues had
been removed. Partial hydrolysis of the degraded polysaccharide
afforded 3-0~/?-D - galactopyranosyl - D - galactose with
smaller amounts of the (1 - 6) - linked isomer. It is unlikely
that the presence of arahinoosazone was due to direct hydrolysis
of the arahinofuranose residues during the degradation as no
arahinoosazone was found among the products formed on degradation
of periodate-oxidised arahinogalaetan A. The results show rather
that one third of the non-oxidisable arahinose residues were
attached to oxidisahle galactose residues (XII), and that direct
hydrolysis and subsequent osazone formation of the arabinofuranosyl-
glyceroosazone, produced on degradation of the oxidised polysacch¬
aride, gave rise to arahinoosazone and glyceroosazone. The
remaining two thirds of the non-oxidisahle arahinose residues were
linked as in (XIII),
Araja 1 - 3 Araf 1 - 6 Gal 1 - (XII)




The degraded polysaccharide was subjected to a second
periodate oxidation and Barry degradation. Partial hydrolysis of
the resulting polysaccharide gave 3-0-/? - D- galactopyranosyl -
SS
D - galactose with only trace amounts of the (l - 6) - linked isomer,
indicating that the polysaccharide possessed a periodate-resistant
backbone of (1 - 3) - linked - ft - D ~ galactopyranose residues.
SS
The polysaccharide isolated after the first degradation
was fully methylated and on hydrolysis gave 2,3»5 - tri - 0 - methyl -
L - arabinose (6*5%)> 2,5 - di - 0 - methyl - L - arabinose (l.7'/0>*"* SS
2,3,4,6 - tetra - 0 - methyl - D - galactose (21.6^5), 2,4*6 - trl - 0 -
methyl - D - galactose 2,3,1}. - trl - 0 - methyl - D -
galactose (3*3^)» 2,6 - di - 0 - methyl - § - galactose 2,4 -
dl - 0 - methyl - g - galactose (18.5^)> 4 - 0 - methyl - D - galactose
(1.6$5) and 2 - 0 - methyl - D - galactose (3»2^)» The large proport¬
ion of 2,4*6 - tri - 0 - methyl - D - galactose was further evidence
in favour of the (1 - 3) - linked backbone. As non-terminal arabino-
furonose units were still present, residues containing three arabinose
units must have occurred in the original polysaccharide (XIV).
Arap 1-3 Araf 1-3 Ara£ 1 - (XIV)
The high proportion of 2,3,4,6 - tetra - 0 - methyl - D -
galactose could only be accounted for if mo3t of the terminal units
in the degraded polysaccharide originated from doubly branched
D - galactose residues in the original polysaccharide (XV).









Arabinogalactan A was oxidised, and degraded in a
similar manner to give a degraded polysaccharide which on partial
hydrolysis gave galactopyranosyl - £ - galactose
as the main product with only trace amounts of the (1 - 6)-linked
isomer. The absence of arabinoosazone indicated that all the non-
oxidisable arabinose units were attached to periodate-resistant
residues a3 in (XIII) and (XIV).
European larch
The first detailed structural studies on European larch
arabinogalactan were carried out by Campbell, Hirst and Jones (22),
who showed that the polysaccharide contained D - galactose and
L - arabinose in the molar ratio of six to one. Fractional
precipitation of the methylated ^ - galactan with petroleum ether
gave two components. The main fraction gave on hydrolysis
equimolecular amounts of 2,3,h,6 - tetra - 0 - methyl - D - galactose,
2,3tk ~ tri - 0 - methyl - D - galactose and 2tk - di - 0 - methyl -
D - galactose. The minor fraction was rich in arabinose and on
hydrolysis gave 2,3,5 - tri - 0 - methyl ~ L - arabinose as the
only methylated arabinose derivative.
Unfractionated \ - galactan was partially hydrolysed
under mild acid conditions to remove the acid-labile arabinofuranose
residues. The degraded material was methylated and on hydrolysis
yielded, in addition to the three methylated galactoses mentioned
above, — tri - 0 - methyl — D - galactose. They concluded
that the { - galactan was a mixture of polysaccharides,
containiriar /
18
containing (a) a true galactan and (b) a galactoaraban or an
araban and a second galactan differing in structure from the one
just mentioned.
More recent investigations by Aspinall et al., however,
failed to confirm the above results regarding heterogeneity (72).
Both immunological studies (73) and ultracentrifugal measurements
(72) indicated that the polysaccharide was homogeneous.
Methylation and hydrolysis of ^ - galactan gave equimolecular
proportions of 2,3,14,6 - tetra - 0 - methyl - B - galactose, 2,3»U -
trl - 0 - methyl - B - galactose and 2,k - di - 0 - methyl - D -
galactose together with smaller amounts of 2,3*k - tri - 0 - methyl •
L - arabinose, 2,5 - di - 0 - methyl - L - arabinose, 2,14,6 - tri -
0 - methyl - D - galactose and 2 - 0 - methyl - D - galactose.
As only trace amounts of 2,3,5 - tri - 0 - methyl - L - arabinose
were found, it was suggested that most of the arabinose residues
were accommodated as 3—0— p — L — arabinopyranosyl - L —
arabinofuranose units. This was in agreement with an earlier
finding by Jones who isolated 3 - 0 - P - L - Prabinopyranosyl -
L - arabinose as a product from partial hydrolysis of the polysacch¬
aride (74)• However, a subsequent examination by gas - liquid
chromatography of the raethanolysis products from methylated £ -
galactan showed that approximately one third of the arabinose
units were present as terminal non-reducing L - arabinofuranosess
residues (75) •
Prom the above methylation results three possible partial
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Periodate oxidation followed "by a Barry degradation
gave a degraded polysaccharide which on partial hydrolysis
afforded 3~0-/?-h- galactopyranosyl - D - galactose and a
trace of the (1 - 6) - linked Isomer. Structure (XVIII) was
immediately eliminated as only isolated periodate-resistant
residues would be present. Structure (XVII), on partial hydrolysis.,
would have yielded 6-0 - P ~ Q " galactopyranosyl - D - galactose
as the main product. Further evidence in favour of structure (XVI)
came from an examination of the partial hydrolysis products from
undegraded £ - galactan, when a galactotriose , probably
0 - ft - D - galactopyranosyl - (1 - 3) -0-/^-1) - galactopy¬
ranosyl - (1 -3) - D - galactose was isolated. Such a
trisaccharide could only have arisen from a polysaccharide \vith
a molecular structure as in (XVI). By selective catalytic
oxidation of the primary hydroxyl groups in the arablnofuranose
terminal
and^on-reducing galactose residues to carboxyllc acid groups,
Aspinall and Nicholson isolated among the products from partial
hydrolysis of the oxidised polysaccharide, two aldobiouronic acids,
one /






one of which was characterised as 6 - 0 - (L - arabinofuranosyl-
uronic acid) - D - galactose (XIX) (?6).
HOOC
H,OH
This was the first definite proof that arabinofuranose residues
were attached to the D - galactose units by a (1 - 6) - linkage,
35
for although previous investigations had indicated that such a
linkage was probable (65,22), the evidence was based on methylation
studies on degraded and unde graded ^ ~ galactan and the presence
of large amounts of 2,i|.,6 - tri - 0 - methyl - D - galactose in
the degraded material could have been due to the rupture of
6 galactopyranose linkages, particularly sinee some
of them have been shown to be weaker than others (68).
Two possible partial structures were advanced to indicate
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Ara f 1-1 Glycerol
(XXIII)
21.
The two partial structures could be distinguished by
treatment with periodate followed by borohydride reduction and
cold hydrolysis as described by Smith et al. (77)• Structure (XX)
would give among the degradation products, a polysaccharide
containing both D - galactose and L - arabinose (XXII) whereas
structure (XXI) would furnish a pure galactan and
arabinofuranosylglycerol (XXIII) together with other low molecular
weight products.
On treatment with sodium periodate followed by a Smith
degradation, ^ - galactan gave a degraded polysaccharide which,
on hydrolysis gave D - galactose and L - arabinose. A chromato¬
graphic examination of the low molecular weight products showed
that a very small amount of arabinofuranosylglycerol was present
indicating that while most of the arabinofuranose residues were
attached directly to the main chain (XX), a small proportion were
linked through one or more galactose residues (XXI).
Japanese larch
A water-soluble arabinogalactan from Japanese larch has
recently been studied by Aspinall and ¥sfood (33)• Slectrophoretic
and ultracentrifugal examinations showed that the £ - galactan
was heterogeneous and contained two polysaccharides. These were
separated by fractional precipitation of the polysaccharide-boric
acid complex with cetyltriraethylammonium hydroxide. Like Western
larch /
22
larch ^ - galactan® "both fractions differed in electrophoretic
mobility and sedimentation velocity but had the same D - galactose
to L - arabincse ratio, namely, six to one*
Examination of the hydrolysis products from methylated
arabinogalactan A by paper chromatography and gas-liquid
chromatography showed that the polysaccharide was very similar
to other larch £ - galactans. Approximately equal molecular
proportions of 2,3»U*6 - tetra - 0 - methyl - D - galactose,
2,3,U - trl - 0 - methyl - I) - galactose and 2,k - di - 0 - methyl -
D - galactose were found together with smaller amounts of 2,3»5 -
tri - 0 - methyl - L - arabinose, 2,5 - di - 0 - methyl - L -
arabinose and 2,3,h - tri - 0 - methyl - L - arabinose. Only trace
quantities of 2,6 - dl - 0 - methyl - D - galactose, 2 - 0 - methyl -
and
D - galactose/2,h»o - tri - 0 - methyl - B - galactose were observed.
Periodate oxidation of fraction A, followed by a Smith
degradation gave a degraded polysaccharide which contained arabinose
and galactose in the ratio of one to ten. As no monosaccharides
were detected on a chromatographlcal examination of the reduced,
hydrolysed, low molecular weight, degradation products, all the
non-oxidisable arabinofuranose residues must have been linked to
periodste-resistant galactose residues as in (XIII).
The main oligosaccharide found in the h: drolysate from
partially hydrolysed degraded arabinogalactan A was 3-0- /? - D -
galactopyranosyl - g - galactose with trace amounts of the (1 - 6) -
linked isomer. Hydrolysis of the methylated periodate degraded
polymer /
23
polymer gave 2,1}.,6 - tri - 0 - methyl - D - galactose as the
main component together with smaller amounts of 2,3»U»6 - tetra -
0 - methyl — D — galactose, 2,1}. - di - 0 - methyl - D - galactose
and 2,3,5 - tri - 0 - methyl - L - arabinose. Trace amounts of535
2,5 - di - 0 - methyl - L - arablriose were observed suggestingSB
that, like Western larch ^ - galactan (70), side chains containing
at least three arabinose units were present (XIV).
A second periodate oxidation and subsequent Smith
degradation resulted in the isolation of a polysaccharide which
on partial hydrolysis furnished 3-0-/^ - J)- - galactopyranosyl -
D - galactose in large amount with only trace amounts of the (1 - 6) -
linked isomer* Methylation studies on the twice degraded poly¬
saccharide showed that over 90% of the ft - D - galactopyranose
residues were (1 - 3) - linked.
remained after the second degradation indicated that branching
might occur in some of the galactose side-chains (XXIV).
The small number of (1 - 6)-linked residues which
- 3 Gal 1
6









Gal H'» Gal 1 - 6 Gal 1
R"= Gal 1 - 3 Gal 1
The water-soluble arabinogalactans from Western larch ,
European /
2k*
European larch and Japanese larch have a similar molecular
structure. The "backbone is composed almost entirely of
(1 - 3) - linked ft - D - galactopyranose residues although
periodate oxidation results suggest that a small proportion of
(1 - 6) - linked /? - D - galactopyranose residues may be present.
This backbone is highly ramified by substitution at positionsC6
and since only trace amounts of 2,U,6 — tri - 0 - methyl ~ M ~
galactose were found in the hydrolysates from the methylated
£ - galactans, virtually all the galactose units in the main
chain are substituted. Each galactan side-chain contains an
average of two galactose residues which are linked to each other
and to the main chain by (1-6) - A* - pyranose linkages.
There are indications that some residues in the aide-chains are
substituted at position 03 as well as position C 6.
Arabinose residues, which constitute approximately 1h
molar % of the polysaccharides are always situated in the
periphery of the molecule. Two thirds of the residues are
accommodated as 3 - Q - ft - L - arabinopyranosyl - L - arabinofur-
anose units while the remainder are present as terminal non-reducing
arabinofuranose residues. Arabinofuranose residues in European
larch £ — galactan, and probably the £ - galact&ns from Western
and Japanese larches, are attached to galactose residues by a
(1 — 6) — linkage. The majority of arabinofuranose residues are
linked directly to the main chain although periodate oxidation
studies suggest that in Western larch arabinogalactanB and
European larch arabinogalactan, some of these residues may be
attached to the galactan backbone through one or more (1 — 6) —
linked /
25.
linked ft - g - galactopyranose residues.
Uronic acid - containing arabinogalactans
For sometime now, the presence of D - glucuronic
83
acid residues as constituents of coniferous wood arahinogalactans
has teen suspected as small amounts of the uronic acid have teen
detected in hydrolysates from several of these polysaccharides
(72, 78 - 82). Recent work on the arahinogalactans from tamarack
larch (Larlx larloina) (82-84), mountain larch (Larix lyallli)
(85) and maritime pine (Pinus maritime) (86) has shown that D -
"""" jjj
glucuronic acid residues are present as constituents of these
three polysaccharides and it is now thought that many, if not all,
of the coniferous wood arahinogalactans contain a small amour?,t
(ca.2$) of D - glucuronic acid.
The shove three polysaccharides have similar structural
arrangements hut differing proportions of g - galactose, £ - arahinose
and D - glucuronic acid (tahle 2).
SS
The main methyl ethers found in the hydrolysates from
the methylated polysaccharides were:- 2,3*4,6 - tetra - 0 ->
methyl - D - galactose, 2,3,4 - tri - 0 - methyl - D - galactose,
"" """" SC
2,4 - dl - 0 - methyl - D - galactose, 2,3*5 - tri - 0 - methyl -
L - arahinooe, 2,3*4 - tri - 0 - methyl - L - arahinose, 2,5 - dl -
0 - methyl - L - arahinose and 2,3*4 - tri - 0 - methyl - g - glucuronic
acid. In addition 2,3,4 - tri - 0 - methyl - D - xylose was*"*
S3
isolated from methylated maritime pine arahinogalactan.
Perlodate oxidations of mountain larch and maritime
nine /
26.
pine arabinogalsctans followed "by Smith degradations, gave
degraded polysaccharides which furnished on hydrolyses,
D - galactose and L - arabinose. A small amount of L -
arabinosylglycerol was detected amoung the low molecular weight
degradation products from oxidised mountain larch arabinogalactan.
Partial hydrolyses of the degraded polysaccharides gave large
amounts of 3 ~ 0 ~ ft - D - galactopyranosyl - D - galactose with
only traces of the (1 - 6) - linked isomer.
Partial hydrolyses of the two undegraded polysaccharides
yielded 6-0-/?-]) - galactopyranosyl - D - galactose, 3 - 0 -
0 - D - galactopyranosyl - I) - galactose, 3-0 -/?-l- arablno-
pyranosyl - L - arabinose and, from maritime pine arabinogalactan,
3-0-oC-D- xylopyranosyl - L - arabinose. When tamarack larch
arabinogalactan was partially hydrolyaed, four galactotrloses (XXV)
and two galactotetraoses (XXVI) were isolated in addition to the
above three homodisaccharides. In no case did more than two (1 - 6)-
linkages or two (1 - 3) - linkages occur consecutively.
Gal 1 - 3 Gal 1 - 3 Gal Gal 1 - 6 Gal 1 - 6 Is!






Gal 1 - 6 Gal 1 - 6 Gal 1 - 3 Gal
Gal 1 - 6 Gal 1 - 3 Gal 1 - 3 Gal
(XXVI )
Hydrolyses of these acidic polysaccharides gave neutral
monomers, /
27
monomer#, D - glucuronic acid and the aldobiouronic acid




An examination of the partial hydrolysis products from methylated
maritime pine arahino&alacten showed that the acidic residues could
be attached either directly to the galactan backbone by a (1 -6) -
linkage or through one or t o (1 - 6} - linked - D
golactopyranose residues.
The above results clearly show that the arabinogalactans
from maritime pine and mountain larch not only resemble one another
in their general structural arrangement* but also the neutral larch
arabinogalactans in containing a galactan backbone* composed almost
exclusively of (1 - 3) - linked ft - J) - galactopyranooe residues,
which is highly branched by substitution at positions C 6.
The arabinose units* which are accommodated as terminal
non-reducing L - arabinofurunoso residues and 3-0-/^-1-
arabinopyranosyl — L — arabinofuranoae units, are attached directly
to the periodste-rosistant backbone although in mountain pine
arabinogalacton* /
28.
araMnogalactan, a small proportion of them may be linked
through one or more (1 - 6) - linked P - D - galactopyranose
residues.
Glucuronic acid residues are always present as non-
reducing end-groups and are linked to D - galactose residues
by a (1 -6) - linkage. With the exception of maritime pine
arabinogalactan, where the glucuronic acid groups can be linked
either directly to the main chain or through one or two galactose
residues, there is no evidence to indicate the position of linkage
of the aldoblouronic acid residues to the rest of the molecule.
The following simplified, and hy no means complete,
partial structure embodies most of the structural features known
to exist in both the neutral and acidic arabinogalactans (XXVIII).
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On the basis of methylation and partial hydrolysis
resulte, Adams et al. proposed the following structure for the
repeating unit in tamarack larch arabinogalactan (XXIX).
- 6 Gal 1 - /
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This structure differs from structure (XXVIII) in containing
"both (1 - 3)- and (1 - 6)- linkages in the main chain, and
side-chains of (a) terminal galactose residues and (b)
3 - O-Z^-L - arabinopyranosyl - L - arabinofuranose units
attached to the main chain by (1 - 3)- linkages. It should be
pointed out that while the experimental findings are in
agreement with the proposed structure, structure (XXVIII )
is equally applicable as there is no evidence for the presence
of either (1 - 6)- linkages in the main chain or side-chains
linked to the man chain by a (1 - 3)- linkage being necessary,
The two structures can easily be differentiated by periodate
oxidation followed by a Smith degradation. Structure (XXVIII)
would give a linear periodate-resistant (1- 3)- linked galactan,
whereas structure (XXIX) would fragment to give low molecular
weight products and a hexasaccharide containing both (1 - 3)-
and (1 - 6)- linkages (XXX). A second periodate oxidation and
Smith degradation would result in the complete breakdown of this
oligosaccharide as only two of the six residues are periodate-
resistant.
Gal 1 - 3 /
30.






It is extremely unlikely that the glucuronic acid
residues arise from contaminating material and are not
constituents of the above three arabinogalactens. The
homogeneity of each arabinogalactan extract was checked by
ultraeentrifugation and/or electrophoresis. Where heterogeneity
was found the material was fractionated and the homogeneity of
arabinogalactan fractions verified as above. Furthermore, the
only other uronic acid-containing polysaccharides known to occur
in woods are xylana and pectins. In the former, D - glucuronic
acid units are always linked to D - xylose residues, and the
latter furnishes B - galacturonic acid on hydrolysis.
The isolation of 2,3»U - tri - 0 - methyl - D - xylose
as the only methylated xylose derivative from hydrolysed
methylated maritime pine arabinogalactan shows that the xylose
residues in the original polysaccharide are present as non-reducing
end-groups and are not derived from an accompanying xylan.
Polysaccharides containing D - galactose and L -
arabinose as their main structural units are found in several
plant gum exudates, notably those from the genus Acacia.
Polysaccharides from Acacia Senegal gum (36,87-89), Acacia pycnantha
gum (90-92), Khaya senegalensia gum (b fraction) (36 ) and
Asafoetida /
31.
Asafoetida gum (93) possess, like the neutral and acidic
arabinogalaetans, galactan frameworks consisting of (1 - 3)-
and (1 - 6)- linkages. In addition to D - galactose and L -
arabinose, these polysaccharides contain varying amounts of
L - rhamnose and D - glucuronic acid, often present In part
as its k - 0 - methyl ether (table 2 ).
A summary of the structural studies carried out on the
polysaccharide from Acacia 3enegal (gum arahic) is shown on page 32.
Autohydrolysis of the polysaccharide gave L - arabinose, L -
rhamnose and 3-0-°(-D- galactopyranosyl - L - arabinosemm 25 «=■
together with a degraded polysaccharide. Hydrolysis under more
drastic conditions liberated 3-0 - /3-D - galactopyranosyl — D -■an * nan ««g
galactose and the aldobiouronic acid 6 -0- (P - D -
glucopyranosyluronic add) - D - galactose. The polysaccharide£5
recovered after autohydrolysis (degraded gum arable) contained
nine parts of galactose to three parts of glucuronic acid. On
methylation and hydrolysis it yielded 2,3»U,6 - tetra - 0 - methyl -
D - galactose (1 mole ), 2,3,k - tri - 0 - methyl - D - galactose
-■» *"• J5
(5 moles), 2,k - di - 0 - methyl - D - galactose (3 moles) and
2,3tht - tri - 0 - methyl - D - glucuronic acid (3 moles),
Indicating that degraded gum arable contained both (1 - 3) - and
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and that the glucuronic acid residues occurred exclusively as
non-reducing end-groups. Partial hydrolysis of methylated
degraded gum arahic led to the isolation of the hexamethyl ether
of 6-0- (P - Q - glucopyranosyluronic acid) - D - galactose
showing that glucuronic acid groups were attached to the galactan
backbone through at least one galactose residue. On the basis of
the above results, several possible partial structures can be
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3U.
Further information about the structure of the backbone
was obtained by treating the undegraded gum with sodium periodate
and subjecting the oxidised polysaccharide to a Barry degradation,
when a degraded polysaccharide was isolated. The recovered polymer
was further twice degraded in the same manner to give a polysaccharide
which was resistant to periodate oxidation and which gave galactose
only on hydrolysis. This indicated that the main chain in degraded
gum arabic was composed of (i - 3) - linked P - D - galactopyranose
residues as in (XXXII). The same conclusion was reached when
degraded gum arabic was perlodate-oxidised and Smith-degraded to
give a polysaccharide fraction which was shown by methylation studies
to contain only (1 — 3) — linked P - D - galactopyranose residues.
2,3,14- - tri - 0 - methyl - L - rhamnose, 2,3,5 - tri - 0 - methyl - L -55 **"55
arabinose, 2,5 - di - 0 - methyl - L - arabinose, 2,3,1}., 6 - tetra -
0 - methyl - D - galactose, 2,1+ ~ di - 0 - methyl - D - galactose,
2,3,1}. - tri - 0 - methyl - jD - glucuronic acid and 2,3 - di - 0 -
methyl - D — glucuronic acid. In addition to the above sugars, a
gas-liquid chromatographic examination of the cleavage products
from methanolysed methylated gum arabic identified trace amounts
of the methyl glycosides of 2,3,1}. - tri - 0 - methyl - L - arabinose
and 2,1}.,6 — tri — 0 — methyl — I) — galactose (36 ). The detection
of the former methyl glycoside was in agreement with an earlier
finding by Andrews and Jones (89) who isolated the disaceharlde
from partial hydrolysis of some samples of gum arabic. A comparison
Undegraded gum arabic on methylation and hydrolysis gave
of /
35.
of the methyl ethers isolated on hydrolysis of methylated
degraded gum and methylated undegraded gum showed that acid-
labile groupings were attached to position C 3 of the galactose
residues in the side-chains and to position C U of most of the
glucuronic acid units.
Since rhamnose and glucuronic acid are present in
approximately equimolecular proportions, it has "been suggested
that rhamnose residues might "be linked to glucuronic acid units.
Acetolysis of acetylated carboxyl-reduced gum arable followed
by deacetylation (88), led to the isolation of a neutral
disaccharide which was characterised as U-0-o(-L-
rhamnopyranosyl - D - glucose (XXXIV).
(xxxivj
This provided clear proof that in the original gum, some of the
L - rhamnopyranose residues were linked to position C of D -
glucuronic acid units.
Since partial hydrolysis of methylated degraded gum
gave the hexamethyl ether of6-0 - - glucopyranosyluronic
acid) - D - galactose and since no 2,3tk - tri - 0 - methyl - D -
galactose was detected among the hydrolysis products from
methylated /
36.
methylated undegraded gum, it may he concluded that h-O-oC-L-
rharnnopyranosyl - D - glucopyranosyluronic acid units terminate
galactose-containing side-chains.
On the "basis of the above results from degraded and
undegraded gum arabic, structure (XXXV) can be put forward as an
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The molecular structures of the polysaccharides from
Acacia pygnantha gum, Khaya sene^alensis gum (B fraction) and
Asafoetida gum were determined by similar methods. Mild acid
hydrolysis or aut©hydrolysis of the gums liberated acid-labile
residues the nature of which is shown in table 3.
Methylation and partial hydrolysis studies showed that
all three gums had a highly branched galactan framework of (1 -3)~
and /
37.
and (1 - 6) - linkages. The isolation of3-0-J^-£-
galactopyranosyl - D - galactose as the major product from
periodate-oxidised Smith degraded gums indicated that, 1.n
gum arable, the polysaccharides contained main chains of
(i - 3) - linked/^- D - galactopyranose residues.
In addition to neutral oligosaccharides, partial
hydrolyses afforded 6-0 - (/? - D - glucopyranosyluronlc acid) -
D - galactose. A second aldobiouronic acid, 6 — 0- (h - 0 - methyl -
/? - D - glucopyranosyluronic acid) - D galactose was also isolated
from Asafoetida gum and Khaya senegalensis gum (B fraction).
The acidic units in Acacia pyonantha gum and Asafoetida gum, and
four out of five of the acidic xinits in Khaya sene^alensis gum
(B fraction) were present as non-reducing end-groups.
In all three gums, acid-labile residues were attached,
by a (1 - 6) - linkage, to (1 - 3) - linked galactose units in the
main chain. Acid-labile residues were also linked to (a) (1 — 6) —
linked galactose units in the side-chains in Acacia pyenantha gum,
by a (1 - 6) - linkage and (b) 3,6 - di - 0 - substituted galactose
residues in Asafoetida gum, bya(l-h)- linkage.
It is evident from what has already been said that the
above gum polysaccharides are structurally similar to the coniferous
wood arabinogalactans.
It would appear that there is a family of polysaccharides
which have a main chain of (1 — 3) — linked/3 - D - galactopyranose
residues to which are attached, through positions C 6, side-chains
of (1 - 6) - linked - D - galactopyranose residues. Acid-labile
pentose /
38
pentose units, and acidic hexose residues when present, are always
attached to, or present as, side-chains and are never incorporated
in the main chain. The nature of these peripheral residues is
tabulated in table 3*
39
Table I
Methyl ethers isolated from methylated Western
larch Arabinogalactans A and B.
Methyl ethers Molar % Molar %





2,5 - dimethylarabinose 3.2 8.1
2,3,1+ - trimethylarabinose 2.6 5.1
2,l+»6 - trimethylgalactose 1+.2 i+.o
2,3tk - trimethylgalactose 13.7 11.8
2,6 - dimethylgalactose 2.9 3.9
2,1+ - dimethylgalactose 37.5 31.0
2 - monomethylgalactose 3.7 2.3
2,3 *- dimethylarabinose - 0.5
2, - monamethylarablnose 0.6
1+ - monomethylgalactose - 0.3
unmethylated monomers - 0.1




fountainlarch78.614.--6 8 ramarackl rch77.220.3-5 Maatimepin85.99.71 5trace2 Asafoetida55.633*3-trace11.1 K.senegalensis552-20 A.Senegal36 80.3-11.43»8 A.pycnantha6527-
41 •
Table 3*








Aran 1-3 Araf 1
GA 1 • 6 Gal
Maritime pine Araf 1 -
Aran 1-3 Araf 1
Xyl£ 1-3 Ara? 1
GA 1 - 6 Gal
Asafoetida gum Araf 1
Me
GA 1 - 6 Gal
GA 1 - 6 Gal
Khaya senegalensia gum
(B fraction)
Araf 1 - GA 1 - 6 Gal
4 - Me - GA 1 - 6 Gal
Acacia p.vcnantha gum Araf 1
Arar 1
Eha£ 1
if - 3 Araf 1 -
GA 1 - 6 Gal






Rhajg 1 - 4 GA 1 - 6 Gal
SECTION I
ARABINOGALACTAN A FROM
JAPANESE LARCH (Larix leptolepia)
h2.
DISCUSSION.
Japanese larch arabinogalactan A has recently "been studied
hy Aspinall and Wood (33). Hydrolysis of the polysaccharide afforded
galactose and arabinose in the approximate ratio of 6 to 1.
Examination of the cleavage products from the fully methylated poly¬
saccharide by gas-liquid chromatography of the methyl glycosides and
paper chromatography of the sugars showed approximately equal amounts
of 2,3»l+»6 - tetra - 0 - methylgalactose, 2,3>1+ - tri - 0 - methyl-
galactose and 2,1+ - di - 0. - methylgalactose with smaller amounts of
2,3»5 - trl - 0 - methylarabinose, 2,3,1+ - tri - 0 - methylarabinose
and 2,3 - di - 0 - methylarabinose. Only trace quantities of 2,6 -
di - 0 - methylgalactose, 2 - 0 - methylgalactose and 2,1+,6 - tri - 0 -
methylgalactose were observed.
Periodate oxidation and Smith degradation of the polysaccharide
furnished a degraded polysaccharide (ADl) which contained galactose and
arabinose in the approximate ratio of ten to one. A second periodate
oxidation and Smith degradation gave a further degraded polysaccharide
(ADII) which contained only traces of arabinose. Both degraded poly¬
saccharides were examined by partial hydrolysis, methylation, and
paiodate oxidation.



















































The above results of Aspinall and ?/ood show that Japanese
larch arabinogalactan A possesses a highly branched framework consist¬
ing of a (1-3)- linked galactose main chain to which are attached?
through positions C6.(l-6)- linked galactose side-chains. Arabinose
residues, which constitute approximately 14 molar % of the polysacch¬
aride are accommodated as non-reducing end-groups in both the furanose
and pyranose form, and as non-terminal furanose residues.
The object of the present investigations on Japanese larch
arabinogalactan A was:-
(1) To isolate and characterise the methyl ethers formed on
hydrolysis of the fully methylated polysaccharide.
(2) To isolate and characterise the arabinose-containing disaccharide
formed on partial hydrolysis of the polysaccharide.
(3) To ascertain the mode(s) of linkage of arabinofuranose residues
to galactose units.
Methylation studies
Fully methylated arabinogalactan A was hydrolysed with
hydrochloric acid and the resulting mixture of methyl ethers was
separated by partition chromatography on a cellulose column. The





Methyl ether Molar %
2.3.5 - Triraethyl - L « arabinose 7
2,3,4 - Trimethyl <-> L - nrbinos© 4
a
2.3 - Dimethyl - L - arabinose 3
2,3,4,6 - Tetramethyl - g ~ galactose 28
2.4.6 * Trim©thy! • £ • galactose 2
m
2,3,4 - Trlraethyl - g - galactose 16
2,6 - Dimethyl - g - setose 1
2.4 - Dime thyl - g ~ galactose 38
2 « ronaaethyl - D - galactose 1
In addition trace amounts of 2 - £ - mathylarahinoee»
2,3,6 - tri - £ - rae thylgalac tose, 3 - £ - raethylgalaetose and
2,3,4 - tri - £ - raethylglueuronic acid were identified chromato¬
graphies! ly.
Partial hydrolysis studies
Arabinogalactan A was heated with hydrochloric acid (0. 01N)
at 1G0° for 2,5 hours and the resulting degraded polysaccharide was
precipitated with ethanol and removed at the centrifuge. The
centrtfugate and ethanol washings were combined and concentrated to
give low molecular weight sugars. The mixture of mono-nnd oligo¬
saccharides was separated by adsorption chromatography on a charcoal-
oolite column using water, and aqueous ethanol as elating agents.
Fraction 3# /
46.
Fraction 3s» [4, +157 contained only one sugar which was
chromatographically identical to3-0-/^-| - arabinopyranosyl - L -
arabinose. Hydrolysis of the fraction gave arabinose only. The
fraction gave a phenylosazone v/hich was identiaal (mixed m.p. and
x-ray powder photograph) to that of an authentic sample of 3 - 0 L -
arabinopyranosyl - L - arabinose. Perlodate oxidation of the phenylo-
sazone gave formaldehyde but no mesoxalaldehyde 1,2 - bisphenylhydrazone.
This result is indicative of a 3 - 0 - substituted pentose phenylosazone
since neither the (1-4)- or (1-5)- linked isomer will yield formaldehyde,
and only the (1-5)- linked isomer will furnish mesoxalaldehyde 1,2 -
bisphenylhydrazone as a product of periodate oxidation.
Methylation of fraction 3 followed by a chromatographic
examination of the cleavage products by gas-liquid chromatography of
the methyl glycosides and paper chromatography of the 3ugars, gave
approximately equal amounts of 2,3,4 - trl - 0 - methylarahinose and
2,4 - dl - 0 - methylarabinose with a trace of 2,5 - di - 0 - methy1-
arabinose.








Fractions 5 and 6 both contained a sugar with the same
chromatographic mobility as 6-0- /? - D - galactopyranosyl - g -
galactose. The two fractions were combined and fractionated by paper
chromatography. The major component gave a phenylosazone which had an
identical X-ray powder photograph to that of an authentic sample of
6 - o - - D - galactopyranosyl - D - galactose phenylosazone.
Twelve other fractions were collected and examined chromato-
graphically when galactose, arabinose, and trace amounts of a disacch-
aride with the chromatographic mobility of galactopy¬
ranosyl - D - galactose and several unidentified oligosaccharides,
SB
were observed.
The above methylation and partial hydrolysis results, which
confirm the chromatographic results of Aspinall and Wood, clearly show
that the galactan framework of Japanese larch arabinogalactan A contains
(i—3)— and (1-6)- linkedp - D - galactopyranose residues. Since the
Smith degradation studies showed that the polysaccharide contains a
(1-3)- linked galactan backbone, and since only small amounts of 2,1+,6 -
tri - 0 - methyl - D - galactose were found among the hydrolysis products
from the methylated polysaccharide, the vast majority of galactose
residues in the main chain must be s+ibstituted at position C6. (i).




Approximately half of the arabinose residues are present
as /
h8.
as non-reducing L - arabinofursnose end-groups (II) with the remainder
SS
heing accommodated as 3-*0-/?-k- arabinopyranosyl - L - arabino-
s= s2
furanose units. Since L - arabinopyreuaose residues were only found
as non-reducing end-groupsf the arabinobiose units must be present
as is shown below (III).
Ara£ 1 - (II)
Arap 1-3 ArajT 1 - (III)
The isolation of a degraded polysaccharide which contained
10^ arabinose from the first Smith degradation on Japanese larch
arabinogalactan A shows that non-terminal arabinofuranose residues are
attached to periodate resistant galactose residues (IV). This point
will be discussed in greater detail in connection with the oxidation
studies on the polysaccharide.









On the basis of the above results and those of Aspinall and
Wood, the following structure for Japanese larch arabinogalactan A is
proposed /
k&.
proposed (V). The point of attachment of arablnofurarose residues is
only one of several alternatives.
* 3 Gal 1 - 3 Qal 1 - 3 Oal 1 - 3 Oal 1 - 3 Gal 1 -
6 6 6 6
1 111






With the exception of European larch $ - galactan, direct
evidence for the mode of attachment of arabinose to galactose units in
coniferous wood arahinogalactans has been lacking as arahinofuranose
residues are readily cleaved "by acid and it has "been impossible to
isolate, as products of partial hydrolysis, oligosaccharides containing
both arabinosa and galactose residues. Aspinall and Nicolson catalyti-
cally oxidised the primary hydroxyl groups of arabinofuranose and
terminal non-reducing galactose residues in European larch arabinogal-
actan to carboxylie acid groups (76).
Both the galactopyranosyluronic acid and arabinofuranosyluronic
acid linkages in the oxidised polysaccharide thus formed resisted acid
hydrolysis. artial hydrolysis of the oxidised polysaccharide afforded
two /
49.
two aldobiouronic acids* 6 - 0 - (/^ - D - galaetopyranosyluronlc acid)-
D - galactose and 6 - 0 - (L - arabinofuranosyluronic acid) - D -
galactose. The formation of the second aldobiouronle acid (VI) showed
that arabinofuranose residues were attached to galactose units by a
(1~6)~ linkage.
Araf A 1 - 6 Gal (VI)
In the present Investigations the primary hydroxyl groups
of arabinofuranose and terminal non-reducing galactose residues in
Japanese larch arahinogalactan A were selectively "blocked by tritylation.
Methylation and detritylation of the tritylated polysaccharide resulted
in the isolation of a partially methylated polysaccharide in which only
primary hydroxy! groups were available for oxidation. Oxidation of the
primary hydroxyl groups to carboxylic acid groups was effected with
chromium trioxide.
50.


















Arabinogalactan A was tritylated with trityl chloride in
pyridine : dimethylformamide solution* The trityl content of the
resulting product, c* , + 31 * was 3Q-3%» Since the ratio of
"D
galactose to arabinose is 6 to 1, and assuming that one third of the
galactose and two thirds of the arabinose residues have primary
hydroxyl groups, the theoretical trityl content is ca. 35$. The
slightly higher value obtained suggests that a small proportion of
secondary hydroxyl groups had been tritylated.
Methylation of the tritylated polysaccharide with barium
oxide and methyl iodide followed by several treatments with silver
oxide and methyl iodide afforded a methylated tritylated polysaccharide,
L4, - h3°, (Tr, 33.7%t OMe, 23.2%. Calo. Tr, 33.6%, OMe, 27.0%).
The low value £>r the methoxyl content was probably due to some sterlc
effect of the bulky trityl group. Examination of the cleavage products
from the methylated tritylated polysaccharide by gas-liquid chromato¬
graphy of the methyl glycoside and paper chromatography of the sugars
showed mono - 0 - methylgalactoses, 2,h - di - 0 - methylgalactose,
2,3#4 - tri - 0 - raethylgalactose, 2,U,6 - tri - 0 - methylgalactose,
2 - 0 - methylarabinose, 2,3 - di - 0 - methylarabinose and 2,3th - tri -
0 - methylarabinose. As only traces of 2,3,ij.,6 - tetra - 0 - methyl¬
galactose, 2,5 - <31 - 0 - methylarabinose and 2,3,5 - tri - 0 - methyl¬
arabinose were observed it is evident that the vast majority of the
primary hydroxyl groups in the polysaccharide had been tritylated.
Since arabinofuranose residues are readily cleaved by acid
it was felt inadvisable to detritylate the methylated tritylated poly¬
saccharide with acid, the standard method for cleaving trityl ethers.
However /
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However all attempts to detritylate the methylated polysaccharide "by
catalytic hydrogenolysis with platinum catalysts, and reductive
hydrogenolysis with lithium aluminium hydride, failed.
The methylated tritylated polysaccharide was detritylated
with hydrogen chloride in methanol ? chloroform solution. The solution
was neutralised with silver carbonate and extracted with an aqueous
solution of potassium cyanide to remove colloidal silver salts to give
chloroform-soluble detritylated methylated arablnogalaetan A. The
aqueous extracts were deionised and freeze-dried to give a chloroforga-
insoluhle fraction (fraction C). The chloroform-soluble material was
fractionated into 4 fractions (fractions 1-4) by stepwise extraction
with boiling light petroleum containing increasing proportions of
chloroform. The major fractions were analysed for trltyl and methoxyl







1 50 mm -
2 60 - - mm
3 80 0 34.1 - 23°
4 100 0 31.3 - 21°
C - 0 29.1 - 4°
Examination of the cleavage products from methan-
olyses by gas-liquid chromatography of fractions 3 and C showed that
both /
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■both methanolysates contained methyl glycosides of the following
sugars; 2,3,h - tri - 0 - methylarabinose, 2,3 - di - 0 - raethy-
larabinone, 2,3,k - tri - 0 - methylgalactose, 2,i± - di - 0 -
methylgalactose and traces of 2,3,5 - tri - 0 - methylarabinos e,
2,3>U»6 - tetra - 0 - methylgalactose and 2,U,6 - tri - 0 - methyl¬
galactose. Since the trityl content of the five fractions was nil,
it appeared that the different solubility characteristics of the
fractions were due to differing methoxyl contents. The five fractions
were then combined.
The detritylated methylated polysaccharide in glacial acetic
acid was oxidised with chromium trioxide. Water was added and
extraction of the aqueous solution with chloroform^ gave chloroform-
soluble oxidised methylated arabinogalactan A, ~ 2<^°» 0 "lQ> 32»S%.
The aqueous solution was deionised and freeze-dried to give a chloroform
insoluble fraction. A paper chromatographic examination of the
hydrolyses products from both fractions showed that three acid sugars
were present in both hydrolysates. The two fractions were combined,
hydrolysed with N sulphuric acid at 100° for U hours and the products
SS
were separated into acidic and neutral sugars on a D.l.A.E. Sephadex
column, in the formate form.
A gas-liquid chromatographic examination of the derived
methyl glycosides from the neutral sugar fraction showed that appreciable
quantities of methyl 2 - 0 - me thylarab inos ide arid methyl 2,3 - di - 0 -
methylarabinoside were present indicating that only a proportion of the
available primary hydroxyl groups had been oxidised.
The /
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The cleavage products from methanolysis of the acidic sugar
fraction were examined "by gas-liquid chromatography "both "before and
after reduction with lithium aluminium hydride. A portion of the
acidic sugar fraction was methylated with methyl iodide and silver
oxide. The cleavage products from methanolysis of the resulting
remthylated material were examined "by gas-liquid chromatography both
"before and after reduction with lithium aluminium hydride. The results
obtained from the qbove four analyses are shown in tables 5 and 6. The






T values for Column (b)
Acidic sugars Remethylated
acidic sugars
2,3»U - Trimethylgalactose 2.U7, 2.71 2.36, 2.73
2,k - Dimethylgalactose V>! • -P" o w /—\ ■p- • oo
2,3»U - Trimethylgalaeturonic 3.65, (U.00) 3.63, h.03
acid
In addition to the T values quoted above, several peaks
with low retention times were observed on both chromatograms. Such
peaks eould have been due to 2 - 0 — methylaraburonic acid and/or






















Although methyl 2 - 0 - methylarabinoside was not detected
among the cleavage products from methanolysls of the reduced acidic
sugar fraction, hydrolysis of this material followed by paper chroxaat-
ography gave a faint trace of 2 - 0 - rnethylarabinose.
The presence of an unrecognised peak (T = 2.16) in the reduced
S3
remethylated acidic sugar fraction (table 6) and the distortion of the
first methyl 2,3,14. - tri - 0 ~ methylgalactoside peak (T = 2,36 as
S5
compared with 2*1+7) in the unreduced remethylated acidic sugar fraction
(table 5) indicated that an unknown methyl glycoside(s) with similar
retention times as methyl 2,14,6 - tri - 0 - methylgalactoside (T = 1.97
and 2,25) was present. Several sugar mixtures containing varying
proportions of authentic methyl 2,14,6 — tri - 0 - methylgalactoside and
methyl 2,3,14 » tri ~ 0 - methylgalactoside were analysed and it was
shown that the second methyl 2,14,6 - tri - 0 - methylgalactoside peak
(T s 2.25) and the first methyl 2,3,1+ - tri - 0 - methylgalactoside
ss
peak (T = 2.1+7) could be recognised even when only traces of methyl
2,U,6 - /
56.
2,4*6 - tri - 0 - methylgalactoside were present. Thus any methyl
2,4*6 ~ tri - 0 - methylgalactoside present in the ahove four samples
must be present in very small amount.
The relative proportions of the methylated sugars found




2,3 - Dimethylaraburonic acid
2 - Monomethylaraburonic acid



















Sample 1 : Acidic sugar fraction
Sample 2 : Reduced acidic sugar fraction
Sample 3 '• Remethylated acidic sugar fraction
Sample 4 i Reduced remethylated acidic sugar fraction.
It can be seen from the results shown in table 7 that the
proportion of 2,4 - di - 0 - methylgalactose found among the cleavage
products /
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products from the reduced acidic sugar fraction was greater than the
proportion of 2,3 - di - 0 - methylarabinose, and that 2,3,4 - tri -
0 - metbylgalactose was the predominant neutral sugar found among the
cleavage products from the unreduced acidic sugar fraction. Since
no 2,4,6 - tri - 0 ~ raethylgalactose was observed among the cleavage
products from either the reduced or unreduced remethylated acidic sugar
fractions, it follows that terminal non-reducing galactose residues in
Japanese larch arablnogalactan A are attached to position 06 of
galactose residues, some of which are substituted at position C3
(VII, VIII). As the majority of 3,6 - di - 0 - substituted galactose
residues are known to be present in the main chain, the terminal non-
reducing galactose residues in (VIIl) are probably attached directly
to the galactan backbone (IX).
Gal 1 - 6 Gal 1 - (VII)
Gal 1 - 6 Gal 1 - (VIII)
3
i
- 3 Gal 1 - 3 Gal 1 - 3 Gal 1
6
Gal (IX)
Although no methylated araburonic acid derivatives were
positively identified among the cleavage products from the acidic
sugar fraction, the presence of 2,3 - di - 0 - methylarablnose among
the cleavage products from the reduced acidic sugar fractions could
only be due to reduction of 2,3 - di - 0 - methylaraburonic acid.
It /
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It is clear then from the results shown in table 7 that two possible
modes of attachment of non-reducing arabinofuranose end-groups to
galactose residues in the polysaccharide can be proposed (X, XI).
Again it is probable that the 3*6 - di - 0 - substituted galactose
residue in structure (XI) Is accommodated in the main chain of the
polysaccharide.
Araf 1 - 6 Gal 1 - (x)
Araf 1 - 6 Gal 1 - (XI)
3
I
It is not possible on the present evidence to state whether
all the non-reducing scabinofuranoae end-groups are attached as in (X)
or (Xl),or whether both modes of attachment are of structural signifi¬
cance.
Only trace amounts of 2 - 0 - methylarabinose were detected
among the cleavage products from the reduced acidic sugar fraction and
it is not possible on this evidence to state how the non-terminal
arabinofuranose residues are attached to galactose units. The isolation,
however, of a degraded polysaccharide from the first Smith degradation
of Japanese larch arabinogalactan A (33) which contained 10$ arablnose
shows that non-terminal arabinofuranose residues are attached to perio-
date-resistant galactose residues (XII, XIII).
- 3 Gal 1 /
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- 3 Gal 1 - 3 Gal 1 - 3 Gal 1 - - 3 Gal 1 - 6 Gal 1 - 3 Gal 1 -
(XVI) (XVII)
Evidence in favour of structural (XII) as the more important
mode of attachment of non-terminal arabinofuranose residues to galactose
units is provided "by a comparison of the amounts of periodate consumed
by the first and second Smith degraded polysaccharides (0.26 and 0.08
moles per sugar unit respectively). Both structures (XII) and (XIII)
would. /
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would, on treatment with periodate followed by a Smith degradation,
give degraded polysaccharides (XIV, XV) which would consume similar
amounts of periodate. A second periodate oxidation and Smith
degradation of structure (XV) would have resulted in the isolation
of a further degraded polysaccharide (XVII) in which the relative
proportion of (1 - 6)- linkages would have increased and the minimum
amount of periodate consumed would have been G»20 moles per sugar unit.
Smith degradation of structure (XXV), however would be accompanied by
a decrease in the relative proportion of (l - 6)- linkages (XVI), which
is consistent with the observed results.
Since no monosaccharide derivatives were detected among the
low molecular weight products from the first Smith degradation of the
polysaccharide very few - if any - of the non-terminal arabinofuranose
residues can be linked to periodate-oxidieable galactose units (XIX).















It is clear from the results of the above investigations,
together with those of Aspinall and Wood, that Japanese larch
arabinogalaetan A possesses a (i - 3)- linked- 2 - galactopyranose
main chain to whieh are attached, through positions Co, 2 - galactopy¬
ranose - containing side-chains. The majority of these side-chains
contain an average of two (1—6)— linked/^ - D - galactopyranose residues
although a significant proportion of terminal non-reducing D - galacto¬
pyranose residues are linked directly to the galactan "backbone.
Arabinose residues, which constitute approximately 1h molar %
of the polysaccharide are present in the periphery of the molecule.
Half of the residues are present as non-reducing L - arabinofuranose
end-groups which are attached to position 06 of galactose residues.
It is not possible on the present evidence to indicate whether they are
attached directly to the galactan backbone or through one or more
galactose residues. The remaining arabinose residues are accommodated
as non-reducing terminal 3-0- /? - L - arabinopyranosyl - L - arabino¬
furanose units which are linked directly to the galactan backbone.
Proposed structure for Japanese larch arabinogalactan A






























Gal Gal Araf Araj2
n = 0, 1,2
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EXPERIMENTAL
GHSNEK/.L METHODS OF INV35STIGATION
Paper chromatography was carried out on Whatman
No. 1 filter paper using the following solvent systems (v./v.):-
(A) Ethyl acetate : pyridine : water (10sJLr-S3)»
(B) Ethyl acetate : pyridine : water (8:2:1).
(C) Ethyl acetate : acetic acid : formic acid ; water (18:3:1:4).
(D) Butan-1-ol : ethanol : water (4:1:5* upper layer).
(E) Butan-1-ol : acetic acid : water (4:1:5* upper layer).
(P) Butan-2-one, half saturated with water.
(G) Benzene : ethanol: water (169:47:15* upper layer).
The chromatograms were air-dried* and unless otherwise
stated, sprayed with a saturated methylated spirits solution of
aniline oxalate and developed at 130° for 3-4 minutes.
The value Rq refers to the distance travelled by a
methylated sugar relative to the distance travelled by 2,3,4*6 -
tetra - 0 - methyl - D - glucose. R(-,q1 and similarly, refer
to the distance travelled by sugars relative to D - galactose
and the solvent front respectively.
Thick paper chromatographlc separations were carried
out on Whatman 3MM and Whatman 31 (extra thick) filter sheets
which had previously been exhaustively extracted with water in
a /
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a Soxhlet extractor. The sugars were located by cutting thin
side-strips and spraying with the above spray. The appropriate
sections of the filter sheets were then cut out and the sugars
eluted with water.
Evaporations were carried out at h0° under reduced
pressure.
Optical rotations were observed at 18° 1 2°.
Cellulose columns were used to separate methylated
sugar mixtures. The columns were packed dry and washed with
water, butan - 1 - ol and finally with the eluting solvent.
The solvents were purified as follows:-
Light petroleum (b.p.100-120°) was shaken several
times with concentrated su&>huric acid (10J& v./v.), washed free
of acid and distilled.
Butan - 1 - ol was refluxed for 2 hours with sodium
hydroxide (i% w./v.) and distilled.
The sugar mixture, dissolved in the minimum amount
of butan-1-ol, half saturated with water, was applied to the
top of the column, allowed to soak into the absorbent, and
eluted with the given solvents. The eluates were collected
on an automatic fraction collector. Aliquot proportions were
withdrawn from every fifth tube and examined chromatographieally.
Similar fractions were combined and evaporated to dryness.
The residues were purified by dissolution in water, filtration
through a charcoal pad, evaporation, dissolution in A.R. acetone,
filtration /
filtration and evaporation to dryness. The filtrates were
finally dried _in vacuo over phosphorus pentoxide and weighed.
A charcoal-celite column was used to fractionate
the partial hydrolysis products from Japanese larch arabino-
galactan. Activated charcoal was washed several times with
hot water find mixed with celite (grade 5U5) which had previously
been boiled with concentrated hydrochloric acid : water (1s1)
and washed free of acid. The column was packed as an aqueous
slurry and washed well with water. The oligosaccharide mixture,
in a small volume of water, was applied to the top of the column
and eluted with the given solvents.
Neutral sugars were separated from aldobiouronic
acids on a D.E.A.S. Sephadex column (37). D. E.A.E, Sephadex
was stirred for 30 minutes with (a.) 0.5 N hydrochloric acid
and (b) 0.5 N sodium hydroxide. It was then washed with water
till free of alkali. A perforated disc was placed in the bottom
of a column, then a layer of glass wool, followed by a layer
(1 cm.) of silver sand and finally a second layer of glass wool.
The D. E.A.E. Sephadex was packed as an aqueous slurry and
converted to the formate form by washing with 10 bed-volumes
of 15^j formic acid. The D.E.A.E. Sephadex was then washed with
water till free of acid. The oligosaccharide mixture, dissolved
in the minimum amount of water, was absorbed onto the top of
the column and allowed to stand for a minimum period of 1 hour.
Neutral sugars were eluted with water and acidic material with
3% /
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3% formic acid. Formic acid was removed from the acidic
solutions "by continuous extractions for 12 hours with ether.
The aqueous solutions were finally concentrated to a syrup
and dried Jji vacuo over phosphorus pentoxide.
Gas-liquid partition chromatography was carried out
on a MPye Argon Chromatograph" according to the procedure of
Bishop and Cooper (9U»95)« Separations were made on the
following columns (120 x 0.5 cm.) at gas flow rates of
80 - 100 ml./min.; (a) 15% hy weight of "butan -1,1+- diol
succinate polyester on acid-washed celite (80 - 100 mesh) at
175°, (to) 10% toy weight of polyphenyl ether (m - tois - (m -
phenoxyphenoxy) - "benzene) on acid-washed celite at 200° and
(c) 3% "by weight of neo-pentyl glycol adipate on acid-washed
celite at 150°. The methyl 0 - methyl glycosides were
identified toy comparing their retention times ( T )» relative
p 1
to methyl 2,3>U»6 - tetra - 0 - methyl -(-> - D - glucopyranoside
with those of authentic samples run under the same conditions.
Small Scale hydrol.vses were carried out toy heating
samples (5-10 mg.) in sealed tutoes at 100° for k - 6 hours
with N acid (1-2 ml.).
Sulphuric acid solutions were neutralised with "barium
carbonate and filtered. Barium ions were removed with Aratoerlite
resin IR - 120 (H) and the solutions were evaporated to dryness.
Hydrochloric acid solutions were neutralised with
silver carbonate, filtered and the filtrates were evaporated to
dryness. /
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dryness. Colloidal silver salts were removed by extracting
the residues with methanol or acetone. The extracts were then
filtered and evaporated to dryness.
Methanolyses of methylated polysaccharides was
achieved by refluxing with methanolic hydrogen chloride (b%)
for 16 hours. Methyl glycosides and methylester methylglycosides
of sugars were formed by heating samples (1 - 10 mg.) with
methanolic hydrogen chloride (b%) at 100° in sealed tubes for
k - 6 hours. Acid was neutralised with silver carbonate, which
was filtered off and washed with chloroform. The filtrate and
washings were combined and concentrated. When samples were
prepared for gas-liquid chromatography, care was taken to ensure
that they were not evaporated to dryness as the methyl glycosides
of many methylated sugars are extremely volatile.
Boroh.vdride reductions were carried out by adding
potassium borohydride to an aqueous solution of the sugar and
allowing the solution to stand overnight. Excess borohydride
was destroyed and cations were removed by the addition of Amberlite
resin IR - 120 (H). The solution was filtered and the filtrate
was evaporated to dryness. Boric acid was removed by the repeated
addition and evaporation of methanol.
Estimations of sugars were carried out by (a) the
phenol-sulphuric acid method (96) and (b) a modification of the
p - aminobenzoic acid method (97).
p - Aminobenzoic acid (3 ml; 2% w./v. in glacial acetic
acid, /
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acid, purified "by redistilling over p - aminobenzoic acid)
and sulphosalieylic acid (3 mlj 1*5$ w*/v« in glacial acetic
acid, purified as above) were added to the sugar solutions
(1 ml. ), containing 20-120,-b g. sugar. The solutions were
heated on a boiling-water bath for 70 minutes and allowed to
stand at room temperature for 5 hours. Absorbance was measured
at 370 mji> for hexoses and 5h0 m/y for pentoses on a "Unlearn**
S.P. 500 spectrometer.
Uronic acid anhydride determinations were carried out
by the decarboxylation method (98) and the carbazole method (99).
Methoxyl contents were estimated by the Zlesel serai-
micro procedure (100).
Bstimation of tripherxylmethoxy1 content (101).
Tritylated polysaccharide (50 - 100 rag.) was treated
with concentrated sulphuric acid (5 ml.) and gently agitated
until dissolved. Water (50 ml.) was added slowly with swirling
and the precipitated triphenylcarbinol was filtered into a
preweighed porosity k sintered-glass crucible and washed till
free of acid. The crucible was dried at 100° for 1 hour and
reweighed. Due to the presence of some foreign material in most
samples, the weighed precipitate was treated with hot methanol
and reweighed in order to estimate the methanol-soluble material
(triphenylcarbinol).
Lie thylat ion with silver oxide and methyl iodide.




in methyl iodide (purified "by refluxing over dry silver oxide
until neutral and redistilling in a dry system) and silver oxide
was added in tenths to the refluxing mixture over a period of b
hours. The mixture was refluxed for a further b hours, cooled
and centrifuged. The residue was extracted continuously with
"boiling chloroform to ensure complete removal of the methylated
polysaccharide. The chloroform extract and methyl iodide centri-
fugate were combined and concentrated to a syrup which was taken
up in chloroform and washed with potassium cyanide solution
(1% w./v. in water) to remove colloidal silver salts. The aqueous
solution was washed U times with chloroform and the chloroform
extract and washings were combined, washed with a little water,
dried over anhydrous sodium sulphate and concentrated. The
methylated polysaccharide was precipitated by pouring into light
petroleum (60-80°, 20j1).
Methylation with silver oxide, methyl iodide and dimethylforma-
mide (102).
The partially methylated material was dissolved in
dimethylformamide and methyl iodide was added. The solution was
stirred at room temperature and silver oxide was added in fifths
over a period of 1 hour. Stirring was continued for a further
12 hours when the mixture was centrifuged. The residue was
extracted continuously for 18 hours with boiling chloroform
and the chloroform extract and centrifugate combined. The
chloroform solution was treated with potassium cyanide as above,
dried over anhydrous sodium sulphate and concentrated to a syrup.
Demethylations /
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Demethylations were carried out by the procedure
described by Bonner, Bourne and McNally (103)•
Aniline derivatives of methylated sugars were
prepared by refluxing the sugar (10 - 100 mg.) with an
equiraolecular amount of freshly distilled aniline in dry
ethanol (10 ml.). The reaction was performed in an atmosphere
of COg and allowed to proceed for 30 minutes. On removal of
the solvent the aniline derivative crystallised and was
recrystallised from the given solvent.
Aldonolactones were prepared by dissolving the
sugar (10 ~ 100 mg.) in water (5 ml.) and adding 10 to 20
drops of bromine to effect oxidation. The reaction was allowed
to proceed in the darlc for 3 days when excess bromine was
removed by aeration and the solution was neutralised with silver
carbonate. Silver ions were removed by treatment with hydrogen
sulphide and the filtrate was evaporated to dryness. The residue
was dissolved in acetone, filtered, evaporated to dryness and
dried _in vacuo over phosphorus pentoxlde.
Aldonomldes were prepared by treating the lactone
(5 - 100 mg.) with methanolic ammonia (5 ml.) for 2I4. hours at
0°. Evaporation of the solvent yielded a crystalline amide
which was recrystallised from the given solvent.
Phen.vlh.vdrazine derivatives of aldonie acids were
prepared by refluxing the aldonolactone (10 - 100 mg.) with an
equimolecular amount of freshly distilled phenylhydrazlne in
dry /
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dry ether (30 ml. ). After 2+ hours the solution was concentrated
to a dark syrup which was heated on a boiling-water bath for 3
hours. On cooling, the phenylhydrazine derivative crystallised
and was recrystallised from the given solvent.
The p - nitrobenzoyl derivative of 2,3,2+ - tri - 0 -
methyl - h - arabinose was prepared by dissolving the sugar
(200 mg. ) in dry pyridine (20 ml.) containing p - nitrobenzoyl
chloride (220 mg.) and heating the solution at 60° for hO
minutes. The reaction mixture was allowed to stand overnight
at room temperature and then treated with a saturated solution
of sodium bicarbonate until effervescence stopped. The
solution was extracted with chloroform and the extract was
dried over anhydrous sodium sulphate, filtered and concentrated
to a syrup which solidified on standing. 2,3,2+ - Tri - 0 - methyl-
L - arabinose - p - nitrobenzoate, after recrystallisation from
methanol - ether, had m.p. = 128-129°.
Fhenylosazonea were prepared by heating the sugar (20 mg.) for
3C minutes on a boiling-water bath with redistilled phenylhydrazine
(0.02 ml.), glacial acetic acid (0.02 ml.), water (0.3 ml.) and
2 drops of saturated sodium bisulphite solution. On dilution with
water (3 ml.) the phenyloaazone precipitated and was recrystallised




The amount of formaldehyde liberated on periodate
oxidation of3-0-/^-L - arab inopyranosyl - L « arabinose
phenylosaeone was determined colorimetrically by the method of
Hough, Powell and Woods (101;).
Periodate oxidation of methylated sugars was carried out according
to the method of Lemieux and Bauer (105).
Consumption of periodate was determined spectrophotometrically
by the method of Aspinall and Farrier (106).
Formic acid estimations (107).
The polysaccharide (100 rag.) in water (30 ml.) was shaken
•y
in the dark with potassium chloride solution (10 ml., 16% w»/v. )
and sodium metaperiodate solution (20 ml., 0.3 M). A blank was
run at the same time omitting the polysaccharide. Aliquot
proportions (5 ml.) were withdrawn at regular time intervals and
glycol
treated with ethylene/(l ml.) to destroy excess periodate. The
amount of formic acid released during the oxidation was determined
by adding potassium lodate solution (2 ml., w./v.) and titrating
the liberated iodine with standard sodium thlosulphate.
72.
MKTHYLATIOK STUDIES OK ARABIKOGALACTAH A.
Hydrolysis of methylated polysaccharide (33)
Methylated arabinogalactan A (3*8 g*) was suspended
in hydrochloric acid (2 | ; 1^0 ml.) at room temperature for 3
days when most of the polysaccharide had dissolved. Methanol
(12+0 ml. ) was added and the solution was heated very slowly
to 100°, care being taken that no material precipitated out.
The methanol was evaporated off and the solution was diluted
with water to give a normal solution with respect to hydrochloric
acid. Hydrolysis was continued for a further 6 hours (constant
rotation) when the solution was cooled, neutralised with silver
carbonate, filtered and concentrated to a syrup. The aqueous
distillate was extracted with chloroform (3 x 50 ml.) and the
chloroform extracts were combined with the hydrolysate and
concentrated to a syrup. Colloidal silver salts were removed
by extracting the syrup with methanol. The extracts were then
concentrated to a syrup (3.5 g.).
Separation of methylated sugars.
The mixture of methylated sugars (3*5 g* ) was separated
by chromatography on a cellulose column (80 x 3 cm.). The
column was eluted with light petroleum (b.p.100-120°) : butan-1-
ol (70:30), saturated with water, followed by light petroleum :
butan-1-ol (50*50), saturated with water and later with butan-1-
ol, half saturated with water. The column was finally washed with
water.
73.




















2 65 1.02 unknown sugar ta.
0.55 0.47 0.94 2,3>5-trimethylaratoinose
0.72 0.60
1.82 1.60 0.90 2,3»4» 6—tetramethylgalactose























































































13 76 0.83 dimethylarahinose tr<
2.61+ 0.69 2,3»l+-trimethylgalactose tr.
2.89





















































20 4 0.49 2,4 - dimethylgalactose










Fractions (1 - 4) (126 mg.).
Unknown sugar, 2,3,5 - tri - 0 - methyl - £ - arabinose, 2,3*4*6 -
tetra - 0 - methyl - D - galactose and unhydrolysed glycosides.
Paper chromatography in solvents I), F and G- of the
first four fractions indicated the presence of 2,3*5 - tri - 0 -
methyl arahinose, 2,3*4*6 - tetra - 0 - methyl galactose and an
unknown sugar (Rq = 1.02).
Gas-liquid chromatography of the derived methyl
glycosides and hydrolysis followed "by paper chromatography in
the above solvents, showed, in addition to the sugars already detected,
2,5 - di - 0 - methyl arabinose, 2,3,4 - tri - 0 - methyl galactose,
2,3,4 - tri - 0 - methyl arabinose and traces of 2,4 - di - 0 -
methyl galactose.
The four fractions were combined, hydrolysed with g
hydrochloric acid for 4 hours, neutralised and concentrated to
a syrup (35 mg.).
In view of the disappointing yield and in order to
fully characterise 2,3,5 - tri - 0 - methyl arabinose, a second
batch of methylated polysaccharide (2.5 g«) ^'as hydrolysed.
Evaporation of the solvent gave a syrup (2.3 g.).
The syrup was fractionated on a csllulose column
(80 x 3 cm.). 2,3,5 - Tri - 0 - methylarabinose and 2,3*4,6 -
tetra/
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tetra - 0 - methylgalactose were eluted from the column with
light petroleum (b.p. 100 - 120°): butan - 1 - ol (80:20),
saturated with water. The remaining methylated sugars were
eluted with water.
Oubf'raction a (131 mg*)»
Unknown sugar, 2,3,5 - tri - 0 - methyl - & - arabinose and
unhydrolysed glycoside.
Paper chromatography in solvents D, P and G showed
that this fraction, ^ ** 21° (c ^ 0.7 in water), contained
2,3*5 - tri-Q - methylarabinose and an unknown sugar (R^= 1.02).
Gas-liquid chromatogx^aphy of the methyl glycosides and hydrolysis
followed by paper chromatography in solvents D, P and G, showed
that a small amount of 2,3»h - tri - 0 - methylgalactose was also
present.
The derived 2,3,5 - tri - 0 - methyl - L - arabonamide,
after recrystallisation from ethyl acetate, had imp. and mixed imp.
= 132 - 133°.
Subfraction b ( 2U5 mg» ) •
Unknown sugar, 2,3,5 - tri - 0 - methyl - L - arabinose and
2,3,U,6 - tetra - 0 - methyl - X) - galactose.
Paper chromatography in solvents D, P and G showed
that this fraction contained 2,3»h,6 - tetra - 0 - methylgalaetose
with/
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with trace amounts of 2,3#5 - t*'i - 0 - methylarabircse and an
unhnown siigar (Rg = 1.02).
Subfraction o (327 mg.).
2,3,14.,6 - Tetra - 0 - methyl - D ~ galactose.9m S3
This fraction was chromstographically identical to
2,3,l+»6 - teti'a - 0 - methyl - D - galactose in solvents D, F and G.
Subfraction d (water washings) (1.2 g.).
2,3,14.,6 - Tetra - 0 - methyl - D - galactose, 2,5 - di - 0 - methyl ■
L - arabinose, 2,3»U - tri - 0 - methyl - L - arabinose, tri - 0 -
methyl - D - galactose and di - 0 - methyl - 2 - galactose.
S3 *"•
Paper chromatography in solvent D showed that the above
sugars were present in this fraction. Only a trace amount of
2f3»U»6 - tetra - 0 - methylgalactose was observed.
Fraction 5 (8I46 mg. ).
2,3>4»6 - Tetra - 0 - methyl - D ~ galactose.
Paper chromatography in solvents D, F and G, end gas-
liquid chromatography of the methyl glycoside showed that this
fraction, ^ D j + 97° (c ^ 0.9 in water), contained only 2,3,1+i6 -
tetra - 0 - methylgalactose. Demethylation gave galactose only.
The synip crystallised after being seeded with 2,3,h>6 -
tetra/
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tetra - 0 - methyl - I) - galactose and, after recrystallisation
from ether- light petroleum (b.p. 60 - 80°) had m.p* and mixed
The derived 2,3,4,6 - tetra - 0 - methyl - N - phenyl -
D - galactosylamine, after recrystallisation from ethanol, had
tetra - 0 - methylgalactose and 2,5 - di - 0 - methylarabinose.
Gas-liquid chromatography of the methyl glycosides, and hydrolysis
followed "by paper chromatography in solvents D, P and G, showed that
2,3,4 - tri - 0 - methylgalactose and a trace of 2,4 - di - 0 -
methylgalactose were also present.
The fraction was hydrolysed with N hydrochloric acid forail
4 hours, neutralised and concentrated to a syrup (95 mg»)«
The syrup was fractionated on a cellulose column (60 x 2 cm.),
2,3,4,6 - Tetra - 0 - methylgalactose and 2,5 - di - 0 - methyl¬
arabinose were eluted with light petroleum (b.p. 100 - 120°) s butan -
1 - ol (80:20), sattirated with water. The remaining methylated
sugars were eluted with water.
-s- + 118° (c * 1.1 in water)
m.p. and mixed m.p. = 198 - 199°
Fraction 6 (1 21 mg. ).
2,3*4,6 - Tetra - 0 - methyl - D - galactose, 2,5 - di - 0 -
methyl - L - arabinose and unhydrolysed glycosides.
Paper chromatography in solvents B, P and G showed that
this fraction, ^
^ + 68° (c } 0.8 in water), contained 2,3,4,6 -
Subfraction/
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Subfraction a (9 rag.).
2,3*U»6 - Tetra - 0 - methyl - B - galactose.
This fraction was chromatographieally identical to
2,3»U*6 - tetra - 0 - methyl -13- galactose in solvents D, F and Q.
Subtraction b ( 2 rag. ).
2,3»h»6 - Tetra - 0 - methyl - D - galactose and 2,5 - di - 0 -
methyl - L - arabinose.
Paper chromatography in solvent D showed that this fraction
contained 2,3»h»6 - tetra - 0 - raethylgalactose and 2,5 - di - 0 -
me thylarabinoae •
Subtraction c (h3 rag. )•
2,5 - Di - 0 - methyl - L - arabinose.
Paper chromatography in solvents D, F and C- and gas-liquid
chromatography of the methyl glycoside showed that this fraction,
; - 10° (c p 0.8 in water), contained only 2,5 - di - 0 -
me thylarabinose.
The derived 2,5 "* di — 0 — methyl — L — arabonamide,
after recrystallisation from ethyl acetate, had m.p. and mixed m.p.
= 127 - 128°.
Subfraction d (water washings) (35 rag.)
2,/
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Subfractlon d (water washings) (35 rag.).
2,3»h - Tri - 0 - methyl - 3 - galactose, 2,h - di - 0 - methyl -
2S
£ - galactose and 2 - 0 - methyl - D - galactose.
Paper chromatography in solvent D showed that this fraction
contained the above sugars.
Fraction 7 (5 rag.).
2,5 - Di - 0 - methyl - L ~ arabinose and 2,3th - trl - 0 - methyl -
L - arabinose.
Paper chromatography in solvents D, F and G and gas-liquid
chromatography showed that this fraction contained 2,5 - di - 0 -
methylarabinose and 2,3th - tri - 0 - raethylarabinose.
Fraction 8 (SO rag.).
2,5 - Di - 0 - methyl ~ L - arabinoee and 2,3,h - tri - 0 - methyl -
L - arabinose.
SS
Paper chromatography in solvents D, F and G, and gas-liquid
I
chromatography of the methylglycosides showed that the main component
of this fraction, Jj) 5 + 13U° (c ,1.2 in water), was 2,3th - tri -
0 - methylarabinose with a trace of 2,5 - di - 0 - methylarabinose.
The derived 2,3th - tri - 0 - methyl - L - arabonophenyl-
hydrazide, after recrystallisation from ethanol-water, had m.p. and
mixed/
S3.
mixed m,p. » 158°.
Fraction 9 (30 mg.)•
2,5 - Di - 0 - methyl - L - arabinose and 2,3,if - tri - 0 - methyl -
L - arabinose,
Paper chromatography in solvents D, F and G, and gas-liquid
chromatography of the methyl glycosides showed that this fraction was
similar to fraction 8.
Fraction 10 (33 mg. )«
2,4*6 - Tri - 0 — methyl - D - galactose and 2,3,6 - tri - 0 - methyl
D - galactose.
Paper chromatography in solvents D and G showed that this
fraction, + 78° (c,? 0.8 in water), contained tri - 0 -JP ? "
methylgalactose. Gas-liquid chromatography of the methyl glycosides
sho?;ed that the main component ®as 2, 4# 6 - tri - 0 - methylgalactose
with a trace of 2, 3, 6 - tri - 0 - methylgalactose.
The main component crystallised after several weeks in vacuo
over phosphorus pentoxide and the derived 2,4*6 - tri - 0 - methyl -
N - phenyl - D - galactosylaraine, after recrystallisation from ethyl
acetate, had m,p» and mixed m.p. = 173 - 174°.
Fraction 11 (100 mg.).





Paper chromatography in solvents D and F showed that this
fraction, ^ ? + 96° (c ^ 0.9 in weter), contained tri - 0 -
methylgalactose. Gas-liquid chromatography of the methyl glycosides
indicated the presence of 2,3,1+ - tri - 0 - methyigalactose and a
smaller amount of 2,1+,6 - tri - 0 - methylgalactose,,
The syrup was heated with ethanolic aniline and fractional
crystallisation of the product from ethyl acetate afforded (a)
2,3,1+ - tri - 0 - methyl - h - phenyl - D - galactosylamine (plates),
m.p. and mixed m.p.=l69°, (h) a mixture of needles and plate, ra.p. «
156° and (c) a mixture of needles and plates, m.p. = 11+2° from which
2,4,6 - tri - 0 - methyl - N - phenyl - B - galactoaylamlne, m.p. and
mixed m.p. = 172°, was separated.
Fraction 12 (346 mg.).
2,3,4 - Tri - 0 - methyl - D - galactose.""**
S5
Paper chromatography in solvents I) and F, and gas-liquid
chromatography of the methyl glycoside showed that this fraction,
; + 113 (c / 1.2 in water), contained only 2,3,4 - tri - 0 -
methylgalactose. Demethylation gave only galactose. 2,3,4 - Tri -
0 - methyl - D - galactose monohydrate crystallised on standing and,
after recrystallisation from ethyl acetate containing 1% water, had
rc.p. and mixed m.p. » 68°, c/ ;+ 145°—>+115° (c , 1.1 in water).
The derived 2,3,4 - tri - 0 - methyl - N - phenyl - g -
galactosylamine,/
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galactosylamine, after recrystallisation from ethyl acetate, had
m. p. and mixed rn, p. = 167 - 168°,
Fraction 15 (78 mg.).
Di - 0 - methyl - L - arabinose, 2,3»b - trl - 0 - methyl. - D -—
ss — «
galactose, unknown sugar and unhydrolysed glycoside.
Paper chromatography in solvents D and. F showed that this
fraction contained tri. ~ 0 - metliylgalactose and an unknown sugar
(Rg = 0.63). Gas-liquid chromatography of the methyl glycosides
indicated that the main component was 2,1* - dl - 0 - methylgalaetose
with a trace of 2,5, k - tri - 0 - raethylgalactose. The dimethylgal-
actose must have arisen from a product of incomplete hydrolysis.
A portion of the fraction (10 mg.) was dissolved in water
(1 ml.) and methyl sulphate (1 ml.) and aqueous sodium hydroxide
(30/6 w./v., 1 ml.) were added dropwise over a period of 2 hours.
The reaction mixture was kept in an ice-hath and the solution was
stirred vigorously in an atmosphere of nitrogen. After 2k hours
the solution was heated on a boiling-water bath for 30 minutes to
destroy excess methyl sulphate. The solution was then extracted
continuously for 18 hours with chloroform and the chloroform extract
was concentrated to a syrup (3 mg.). Gas-liquid chromatography of
the methyl glycosides from the above syrup showed that the main
component was 2,5tkt& - tetra - 0 - metliylgalactose with trace amounts
of 2,3>k - tri - 0 - methylgalactose and 2,2+,6 - tri - 0 - methyl-
galactose, indicating that 2,k - di - 0 - methylgalactose was
originally/
86.
originally present as a glycoside.
The remainder of the fraction was hydrolysed with N
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hydrochloric acid and the neutralised hydrolysate was concentrated
to a syrup.
Paper chromatography in solvent D showed that 2,1* - di - 0 -
methylgalactose and trace amounts of tri - 0 - raethylgalactose, di -
0 - methylarabinose (R_ a 0.83) and an unknown sugar (R^ = O.63) were
present. Domethylation gave galactose and a trace of arahinose.
The syrup was dissolved in acetone containing i% water and left at
0° for 2 days when 2,1* - di - 0 - methyl - g - galactose crystallised.
The sugar was heated with ethanolic aniline and recrystallisation of
the product from acetcne afforded 2,1* - di - 0 - methyl - N - phenyl -
o
D - galactosylamine, m.o. and mixed in. p. = 216 .
sz
Fraction 1U (1*2 rag.).
2,3,1* - Tri - 0 - methyl - D - galactose and 2,6 - di - 0 - methyl -
g - galactose.
Paper chromatography in solvents D and P and gas-liquid
chromatography of the methyl glycosides showed that this fraction,
9 +68° (c y 0.7 in water) contained 2,6 - di - 0 - methylgal¬
actose as the main component with a trace of 2,3,1* - tri - 0 -
me thylgalac tose.
A portion of the fraction (1 mg.) was subjected to periodate
oxidation, and paper chromatography of the oxidised products in
solvent D showed 2 - 0 - raethyl-malondialdehyde (Rj, = 0.17),
indicative/
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indicative of a 2,6 - dl - 0 - methylhexose.
2,6 - Di - 0 - methyl - D - galactose crystallised on
standing and after recrystaillsation from chloroform-light petroleum
(b.p. 60-80°), had m.p. and mixed m.p. « 111 - 113°,
+ 83° (c:, 1.1 in water).
D» + 56
The derived 2,6 - di - 0 - methyl - H - phenyl - D -
galactosylamine, after recrystallisation from ethyl acetate, had
m.p. and mixed m.p. = 115°.
Fraction 15 (1k mg,)
2,6 - Di - 0 - methyl - D - galactose, 2,k - di - 0 - methyl - D -
as s=
galactose and 2 - 0 - methyl - L - arahinose.
as
Paper chromatography in solvents D and F showed that this
fraction contained 2,6 - di - 0 - raethylgalactose and 2,1}. - di - 0 -
methylgalactose. Gas-liquid chromatography of the methyl glycosides
indicated the presence of both the above sugars together with 2 - 0 -
methyl - L - arabinose. A poi'tion of the fraction (1 mg.) was
oxidised with sodium periodate but no 2 - 0 - methyl - malondial-
dehyde was observed. Demethylation gave galactose and arabinose.
Fraction 16 (920 mg.).
2,lj. - Di - 0 - methyl - D - galactose.
Paper chromatography in solvent D and F and gas-liquid
chromatography of the methyl glycoside showed that this fraction,
L°^Jd > + *n water) contained only 2,k - di - 0 - methyl¬
galactose./
68.
galactose. Demethylation gave galactose only. 2,k - Di - 0 -
methyl - D - galactose raonohydrate crystallised immediately on drying
and, after recrystallisation from acetone containing \% water, had
m,p, and mixed m.p. = 97-98°, °^
_ D ? + 121 > +85° (c ^ 1.3 in
water).
The derived 2,2+ - di - 0 - methyl - N - phenyl - D ~mm ****
"3
galactosylamine, after recrystallisation from acetone, had m.p.
and mixed m.p. = 217°.
Fraction 17 ( 22+ mg.).
2,k - Di - 0 - methyl - D - galactose and 2 - 0 - methyl - J)
galactose.
Paper chromatography in solvent D showed that the main
component of this fraction was 2 - 0 - methylgalactose with a trace
of 2,2+ - di - 0 - methylgalactose. Demethylation gave galactose only.
The syrup crystallised on seeding and recrystallisation
from ethanol gave 2 - 0 - methyl - I) galactose, m.p. and mixed m.p. =
155-157°.
Fraction 18 (17 nig.).
2,2+ - Di - 0 - methyl - D - galactose, 2 - 0 - methyl - D - galactose,
3 - 0 - methyl - D - galactose and arahinose.
Paper chromatography in solvent D showed that this
fraction contained the above sugars. Only trace amounts of 2,2+ -
89.
di - 0 - methylgalactose and arabinose were observed.
Fraction 19 (6 mg.).
2,l(. - DI - 0 - methyl - D - galactose, 3 - 0 - methyl - D -
galactose and arabinose.
Paper chromatography in solvents A and D sho?."ed that
this fraction contained the above sugars.
Fraction 20 (i+ mg.).
2,2+ - Di - 0 - methyl - D - galactose.
Paper chromatography in solvents A and D showed that
2,1+ - dl - 0 - methylgalactose was the only sugar present in this
fraction.
Fraction 21 (7 nig.).
2,1+ - Di - 0 - methyl - D - galactose, galactose and methylated
uronic acids.
Paper chromatography in solvent S showed that this
fraction contained two methylated uronic acids (R^ = 0.80 and 0.35).
Paper chromatography in solvents A and D showed that galactose and
2,2+*~di-0 - methylgalaetose were also present.
Fraction 22 (water washings)
2,1+ - /
(12 mg.).
Fraction 22 (water washings) (12 mg.).
2th - Di - 0 - methyl - D - galactose, arabinose and galactose.
Paper chromatography in solvents A and D showed that
this fraction contained the above sugars.
Preparation of crystalline derivatives of 2,3,** - tri - 0 - methyl -
L - arabinose.
L - Arabinose (20 g. ) was refloated with methanolic
hydrogen chloride (200 ml., 2% w«/v.) until the solution was non-
reducing (3«5 hours). The solution was neutralised with silver
carbonate in the usual way and concentrated when methyl - ft - L -
arabinopyranoside crystallised out.
Recrystallisation from methanol furnished methyl - P - L -
arabinopyranoside (6.9 g.)» ra.p, and mixed ra.p. = 170°, L.+=
c
2h5 (£ ; 2.1 in water).
Methyl sulphate (50 ml.) and aqueous sodium hydroxide
(100 ml., 30% w./v.) were added dropwise to a vigorously stirred
solution of methyl - ft - L - arabinopyranoside (5 g.) in water
(150 ml.). Stirring was continued and similar additions were made
on 3 successive days. The solution was heated on a boiling-water
bath for 30 minutes to destroy excess methyl sulphate, neutralised
with dilute sulphuric acid and concentrated to small volume (100 ml.).
Methylated spirits (h volumes) was added and the precipitated
sodium/
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sodium sulphate was removed at the centrifuge and washed well with
methylated spirits. The centrifugate and washings were combined,
concentrated to small volume (50 ml.} and extracted continuously
with boiling chloroform for 16 hours. The chloroform extract was
evaporated to dryness and dried in vacuo over phosphorus pentoxide
to give a pale yellow syrup (5*4 g.)•
Hydrolysis of a small portion, followed by paper chromat¬
ography In solvent D showed that small amounts of mono - and di -
0 - methyl - L arabinoses were present as well as the main component,
2,3*4 - tri - 0 - methyl - L - arabinose.
The partially methylated product (5.4 g.) was methylated
to completion with methyl iodide (100 ml.) and silver oxide (20 g.}.
Evaporation of the solvent gave a syrup which crystallised after 2
days at 0°. Recrystallisation f-om light petroleum (b.p. 60-80°)
The glycoside (2g.) was hydrolysed with N sulphuric acid
for 1+ hours and neutralised in the usual way. Evaporation of the
(.£ / 1.0 in water).
The derived 2,3,4 - tri - 0 - methyl - L - arabonophenyl-
hydrazide, after recrystallisation from ethanol-ether, had m.p, »
nitrobenzoate, after recryctallisation from methanol-ether, had
m.p, = 128-129°.
furnished methyl - 2,3*4 - tri
oside (5.1 g.), m.p. - 43-45°,
solvent gave a colourless syrup (l.3g») which
157°
The derived 2,3,4 - tri - 0 - methyl - L - arabinose - p
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PARTIAL HYDROLYSIS STUDIES OH ARABINOGALACTAN
Partial hydrolysis of arabinoqalactan, A^.
The polysaccharide (lOg,} in hydrochloric acid
(O.Q1N, 360 ml.) was heated on a "boiling-water hath for 2.5 hours.
S3
The solution was cooled, neutralised with Amberlite resin IR - IfB
(OH), filtered and concentrated to 50 ml. The degraded polysacch¬
aride was precipitated with ethanol (4 volumes) and removed at the
centrifuge. The centrifugate and washings were combined and
concentrated to a syrup (683 mg. ).
Separation of monosaccharides and ollp,osaccharides.
The mixture of monosaccharides and oligosaccharides (683 mg )
was separated on a chareoal-celite column (30 x 2.5 cm.) using water
and aqueous ethanol (up to 5$ ethanol v./v.) as eluents.
Fractions (500 ml.) were collected and evaporated to
dryness. The residues were purified by extraction with water,
filtration and evaporation to dryness.
Products/
93.
Products from partial hydrolysis of arabinogalactan A.
v ■
Fraction Fluent Wt. in mg. RGal Sugars present
1 water 394 1.40 arabinose
1.00 galactose
3 water 7k 0.82 (1-3) - arabinobiose
5 2% 16 1.84 unknown sugar
aqueous 1.38 arabinose
ethanol 0.84 (1—3) - arabinobiose
0.37 (1-6) - galactobiose
6 2% 10 1#78 unknown sugar
aqueous 1.40 arabinose
ethanol 1.21 unknown sugar
0.90 unknown sugar
0.80 (1-3) - arabinobiose
0.74 unknown sugar
0.34 (1-6) - galactobiose
In addition, eleven other fraction were collected
(combined wt» = 112 mg,). Paper chromatographic examinations in
solvent A indicated the presence of sugars with the following RGal.
values; 2.73» 2.22, 1.68, 1.50, 1.38 (arabinose), 1.16, 1.00
(ealaetoae^. /
9k.
(galactose), 0.92, 0.82 (3 - 0 - P - L - arablnopyranosyl - L -
arafcinose), 0.75, 0.62, 0.51+ (3-0 - /^-g - galactopyranosyl •
galactose), Q.U3> 0.35 (6 - 0 -/- D - galactopyranosyl - D -
• —• S3




Paper chromatography in solvent A showed that this fraction
(39k rag. ) contained galactose and arabinose.
ffyacfrloft 3,,
This fraction (74 mg. f %el< = 0.Q2 and 0.67 In solvents
A and C respectively), [°^]d ? + 157° (& 9 2.1 in water), was
chromatographically identical to 3-0-/^- L- arabinopyranosyl -
L arabinose. Hydrolysis followed by paper chromatography gave
only arabinose.
Methyl sulphate (0.5 ml.) and aqueous sodium hydroxide
(0.5 ml. 30/ w./v.} were added dropwise over a period of 2 hours
to a portion of the fraction (10 rag.) in water (1 ml.). The
solution was stirred vigorously at 0°, in an atmosphere of nitrogen,
for 12 hours. Stirring was continued and aliquot proportions of
methyl sulphate (1 ml.) and aqueous sodium hydroxide (2 ml.) were
added dropwise over a period of 4 hours. Similar additions of the
reagents were made on 3 successive days. The solution was heated
on a boiling-water bath for 30 minutes to destroy excess methyl
sulphate, neutralised with sulphuric acid and extracted continuously
with chloroform for 18 hours. The chloroform extract was evaporated
to dryness and dried in vacuo over phosphorus pentoxide. The
residue/
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residue (8 rag.) was methylated to completion with methyl iodide
(5 ml.) and silver oxide (1 g.). Evaporation of the solvent
gave a syrup (5 mg.).
Paper chromatography of the hydrolysis products in
solvent D ana gas-liquid chromatography of the methyl glycosides
indicated the preeence of approximately equiraolecular proportions
of 2,3,h - tri - 0 - methylarabinose (R^, = 0.78, J = 1.03 column
(s), 0.80 column (b)) and 2,h - di - 0 - methylarabinose (Rq » 0.61,
T s 2.22, 2.30 column (a), 1.08, 1.10 column (b)), and a trace of
2,5 - di - 0 - methylarabinose (T » 1.87, 3*U1 column (a), 0.67
column (b)).
The derived 3-0- /? - L - arebinapyranosyl - L -
arabinose phenylosazone, after recrystallisation from aqueous
o
ethanol, had m.p. and mixed m.p. « 233' and gave an identical
X-ray powder photograph to the one obtained from an authentic
sample. Periodate oxidation of the phenylosaaone gave 1.08 and
1.36 molecules of formaldehyde after 30 and 300 minutes respectively,
but no raesoxalaldehyde -1,2 - bisphenylhydrazone. This result is
indicative of a 3-0 - substituted pentose phenylosazone.
Fractions (5 and 6).
Paper chromatography in solvent A showed that the main
component of both fractions (combined wt. = 26 mg.) was 6-0 -/^ -
D - galactopyranosyl - D - galactose. The two fractions were com¬
bined and fractionated by paper chromatography on Whatman No.1
filter/
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filter paper to give 6 - £ - ft D - galactopyranosyl - D -
galactose (12 mg., EOal. " °-35>.
The derived 6 » 0 - D- galactopyranosyl - P -SS S3!
galactose phenylosazone gave an identical X-ray powder photography
to the one obtained from an authentic specimen.
98.
OXIflATXQSS STUDIES Oil ARABIAQGALACg^ A.













Methylated neutral sugars + methylated aldohiouronic acids
99.
Tritylation of polysaccharide.
The polysaccharide (8g.) and trityl chloride (55g.)
in pyridine (240 ml.) and dimethylforraamide (240 ml.) were stirred
at 100° under anhydrous conditions until all the solid had
dissolved (45 minutes). The reaction mixture was left at room
temperature for 5 days when the solution was concentrated to small
volume (100 ml.) and the tritylated polysaccharide was precipitated
with methanol (4 volumes) and removed at the centrifuge. The
residue was washed with methanol (4 x 200 ml.), dissolved in
chloroform (70 ml.), reprecipltated with methanol and removed at
the centrifuge. The tritylated polysaccharide was washed with
methanol (4 x 100 ml.) followed "by ether (4 x 100 ml.), air-dried
and finally dried in vacuo over phosphorus pentoxide to give a
cream product (11.1 g.), d# + 31° (je , 0.7 in chloroform)_
Found * Tr, 38•35*» carbohydrate (phenol-sulphuric acid), 59*3/4
Methylation of tritylated polysaccharide (108).
Barium oxide (35g-) «nd methyl iodide (140 ml.) were
added to a solution of the tritylated polysaccharide (9.9g.) in
dimethylsulphoxlde (200 ml.). The suspension was stirred at room
temperature for 2 days when inorganic salts were removed at the
centrifuge. The residue was washed with chloroform (4 x 100 ml.)
and the centrifugate and chloroform washings were combined.
Chloroform was then added, until the precipitation of inorganic salts
was complete. Inorganic salts were removed at the centrifuge and
washed /
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washed with chloroform (5 x 100 ml.). The centrifugete and
washings were combined and washed with aqueous sodium thiosulphate
(15$ w./v.). The resulting colourless solution was washed with
water, dried over anhydrous sodium sulphate, and evaporated to
dryness. The residue was dissolved in chloroform, washed with
water to remove traces of dimethylaulphoxide, dried over anhydrous
sodium sulphate and concentrated to small volume (60 ml.). The
methylated tritylated polysaccharide was precipitated with light
petroleum, removed at the centrifuge and dried in vacuo over
phosphorus pentoxide to give a pale yellow product (9»hg.) Pound :
0 Me, 16.3%J .
The partially methylated product was methylated twice with
methyl iodide (Ij-G ml.), dime thyIformamide (120 ml.) and silver oxide
(hOg.) to give methylated tritylated arabinogalactan (9.2g.)
Found : 0 Me, 19.7$, not raised on further methylation with the
above reagentsj.
The above product (3.9g») wa3 methylated twice with methyl
iodide (130 ml.) and silver oxide (30g.) to give methylated tritylated
arabinogalactan A (8.2g,), oi T)» - h5 (c, 0,5 in chloroform)
Pound : Tr» 33*7%s 0 Me, 23.2$, not raised on further methylation.
Calc. ? Tr, 33*6$, 0 Me, 27»0?S *
Examination of the cleavage products by gas-liquid chromat¬
ography on columns (a) and (b) and by paper chromatography insolvent
D indicated the presence of mono - 0 - methylgalacto3es, 2,h - di -
0 - methylgalactose, 2,3,U - tri - 0 - methylgalactose, 2,h,6 - tri -
0 - methylgalactoae, 2 - 0 - methylarabinose, 2,3* - di - 0 - methy-
larabinose, /
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methylarabinose, 2,3*4 - tri - £ - methylarabinose and traces of
2,3*4,6 «* tetra - 0 - methylgalactooe, 2,5 - di - Q ~ methylarabinose
and 2,3,5 * tri - £ - methylarabinose.
Detrltylatlon of methylated trltylated polysaccharide -
All attempts to detritylate the methylated tritylated
polysaccharide by (a) catalytic hydrogenolysis (109) with 10J3
platinum on charcoal and reduced .platinum oxide (.Adam*a catalyst)
and £b) reductive hydragenolysib with lithium aluminium hydride,
failed,
Oetfitarlatiott with acid.
Methylated tritylated polysaccharide (3.1g.) was dissolved
in methanol 1 chloroform (160 ml. 18?) containing 1/5 (w./v.) hydrogen
chloride and allowed to stand at room temperature for 3 hours.
After neutralisation with silver carbonate and centrifugation the
centrifugete and washings were combined and concentrated slightly
(100 ml.). The solution wee shaken with aqueous potassium cyanide
(30 ml. \% w./v.) to remove colloidal silver salts, when 3 layers
separated. The bottom layer (chloroform) was separated, washed
with water, dried over anhydrous sodium sulphate and concentrated
(20 ml.). Precipitation with light petroleum gave methylated
polysaccharide (fraction A, 2.4g.)» The midole layer (chloroform-
water emulsion) was washed with water and evaporated to dryness.
The residue was extracted with chloroform and the extracts were
concentrated (20 ml.) and poured in light petroleum to give
methylated /
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methylated polysaccharide (fraction B, 0.5g.)«
The chloroform - insoluble material from^middle layer,
the top layer, andaLl aqueous washings were combined, deionised
with Amberlite resins IR-120 (H) and IR-UB (OH) and freeze-dried
to give methylated polysaccharide (fraction C, 1.7g«)»
The chloroform - soluble material (fractions A and B) was
fractionated into U fractions by stepwise extraction with boiling
light petroleum containing increasing proportions of chloroform.
Details of the fractionation are given below (table 5)* The
trityl content of each fraction was found to be nil. The optical
rotations of fractions 3 and 4 were observed in chloroform (c, ca.1)
while that of fraction C was observed in water (jc, 0.8).
Table 8
Fraction % chloroform
in extractant W|ig]jt 0 Me% . ~c£ j_ JD
1 50 0.03 - -
2 60 0.27 - -
3 80 1.79 34.1 -23°
h 100 0.52 31.8 -21°
c » 1.67 29.1 -4°
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Gas-liquid chromatography of the cleavage products from
methanolyses of fractions 3 and C showed that both fractions
contained the following methylated sugars 2,3,5 - tri - 0 -
methylarabinose (trace, T = 0.47 column (b)) , 2,3*4 - tri - 0 -
S8
methylarabinose (T = 0.82 column (b), 0.90 column (c)) , 2,3 - di -
0 - methylarabinose (T = 0.65* 0.82, 1.03 column (b), 1.25, 1.82
22
column (c)), 2,3,4*6 - tetra - 0 - methylgalactose (trace, T « 1,58
SS
column (b)) 2,4,6 - tri - 0 - methylgalactose (trace, T = 2.31,""
SS
column (b), 4.20 column (c)), 2,3,4 - tri - 0 - methylgalactose
(T ss 2.53, 2.80 column (b), 6,85 column (c)) and 2,4 - di - 0 -
methylgalactose (T » 3.48, 4*11 column (b)). The five polysaccharide
fractions were then combined to give detritylated methylated
arabinogalactan A (4.1g.).
Oxidation of detritylated methylated polysaccharide (110)
Chromium trioxide (680 mg») in glacial acetic acid (40 ml.)
containing 2$ of water (v./v«) was added to a solution of the
detritylated methylated polysaccharide (4*1 g*) in glacial acetic
acid (80 ml.). The solution was allowed to stand at room temperature
for 60 hours when a further quantity of oxidant (680 mg.) was added.
After 2 days at room temperature methanol (3 ml*) was added to destroy
excess chromium trioxide and the solution was left at room temper¬
ature for 30 minutes. Water (100 ml.) was added and the solution
was extracted with chloroform (5 x 100 ml.). The chloroform extracts
were washed with water and concentrated to a syrup to give oxidised
methylated polysaccharide (fraction D, 2.4 g*)«
The aqueous layer and washings from the chloroform
extraction /
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extraction were combined, deionised with Araberlite resin
IR - 120 (H) and methyl ~ dl - H - octylamine in chloroform
(5$ v./v. , 5 x 100 ml,), and freeze-dried to give oxidised
methylated polysaccharide (Fraction E, 1.1 g«).
Both fractions were contaminated with inorganic material.
A sample from fraction B was purified by extraction with boiling
chloroform containing 20% light petroleum. The extract was
filtered, concentrated and poured into light petroleum. The
precipitated oxidised methylated polysaccharide haa[<*], -21°,
(£ff 1,0 in chloroform) Founds QMe, 32.8$
D
Samples from fractions D and E were hydrolysed with IT
sulphuric acid at 100° for 4 hours and neutralised in the usual
manner. A paper chromatographic examination of the products in
solvent S showed that three acidic sugars (Rq = 0.51* 0.74, 0.93)
together with neutral monomers were present in both hydrolysates.
The two polysaccharide fractions were then combined to give oxidised
methylated arabinogalactan A (3.1 g»).
Partial hydrolysia o_f oxidised methylated polysaccharide.
Oxidised methylated polysaccharide (3«1 g.) was heated
with H sulphuric acid (60 ml.) on a boiling-water bath for 4 hours.
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The solution was cooled, neutralised with barium hydroxide and
barium carbonate, treated with A inberlite resin IS - 120 (H) to
remove barium ions, and concentrated to a syrup (2.7 g.)•
The syrup x'sas absorbed on to a D.E.A.E. Sephadex column
(grade A25, 6x3 era.) in the formate form. Elution with water
gave /
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gave a neutral sugar fraction (1.9 g«) and elution with 3%
foHiilc acid gave en acid sugar fraction (580 mg.).
Examination of neutral sugar fraction
Qas-liquid chromatography of the derived methyl glycosides
indicated the presence of the following sugars in the neutral sugar
fraction J 2,3,5 - tri - 0 - me thy1arahinose (trace, g = 0,3k column
(a), 0«h5 column (b)), 2,3th - tri - 0 ~ methylarebinose (T = 0.80
S3
column (I))), 2,3, - di -0 - methylarahinose (T = 1.50, 1.81, 2.08
S3
column (a), 0*65, 0.80 column (b)), 2 - 0 - methylarabinose (T =•*» 53
5,70 column (a), 1.10, 1.31, 1•column (b))5 2»3,h»6 - tstra - 0 -
methylgalactose (2 = 1.72 column (a), 1.5h column (b)), 2,k,6 - tri -
0 *» methylgalactose (trace, T « 3»9i>-s h*h2 column (a), 1.97j 2.26
S3
column (b), 2»3»h» - tri - 0 - methylgalactose (T « 7.0 column (a),
2.51, 2.75, column (b)) and 2,k - di - 0 - methylgalactose (T » 3*55,
23
h»03 column (b)).
Examination of acidic sugar fraction
A portion of this fraction (20 mg.) was refluxed with
methanolic hydrogen chloride (3%) overnight. After neutralisation
with silver carbonate, the mixture of methyl glycosides was
examined by gas-liquid chromatography cn column (b). The result
obtained are shown in table 7 •
A second portion of the fraction (50 mg.), after
conversion /
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conversion to the methyl ester methyl glycosides, was refluxed
with lithium aluminium hydride (75 iag») in tetrahydrofuran for 2
hours. Excess hydride was destroyed by water, the mixture was
taken to dryness, and the residue was exhaustively extracted with
acetone to give a syrup {h5 mg#)» The cleavage products from
methanolysis of this reduced material were examined by gas-liquid
chromatography on column (b). The results obtained are shown in
table jo •
A further portion of the acid sugar fraction (100 mg.)
was methylated with methyl iodide (0.5 ml.), dlmethylformamlde
(1.5 ml.) and silver oxide (0.5 g.). Evaporation of the solvent
gave a syrup (90 mg. ). A portion of this syrup (hO rag.) was
methanolysed and neutralised as above, and the resulting mixture of
methyl glycosides examined by gas-liquid chromatography on column
(b). The results obtained are shown in table <7 §
The remainder of the syrup obtained from methylation of
the acidic sugar fraction was reduced with lithium aluminium
hydride (75 mg.) in tetrahydrofuran (15 ml.) after conversion to
the methyl ester methyl glycosides. The cleavage products from
methanolysis of this reduced remethylated raaterialwere examined by
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In addition to the T values quoted above two peaks withS3
low retention times (0.88, 0.99) were observed in both unreduced
samples. These could have been due to 2,3 - di - 0 - methylara-
buronic acid, the retention times of which are not known.
*The presence of an unrecognised peak (T » 2.16) on the
ehroraatogram of the methanolysis products from the reduced
remethylated acid sugar fraction, and the distortion of the first
methyl 2,3,1 - tri - 0 - methylgalactoside peak (g - 2.36 as
compared with 2.17 for an authentic sample) on the chromatogram
of the methanolysis products from the methylated acidic sugar fraction,
indicate that an unknown methyl glycoside(s) with similar retention
times as methyl 2,1,6 - tri - 0 - methylgalactoside (g = 1.97 and
2.25) was present. However, analyses of several sugar mixtures
containing va.ying proportions of authentic methyl 2,3,1 - tri - 0 -
methylgalactoside and methyl 2,1,6 - tri - 0 - me thy1galacto0ide
showed that the second methyl 2, 1, 6 - tri - 0 - methylgalactoside
peak (T = 2.25) and the first methyl 2,3,1 - tri - 0 - methylgalact-
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oside peak (T = 2.16) could be recognised even when only traces of
methyl 2,1,6 - tri - 0 - methylgalactoside were present.
Although 2 - 0 - methylarablnose was not detected among
the cleavage products from metiianolysis of the reduced acidic sugar
fraction, hydrolysis of this material followed by paper chromato¬
graphy in solvent F gave a faint trace of 2 - 0 - methylarabinose
(R - 1.38 )*





The sample of gum polysaccharide used in the present
investigation was kindly provided "by Professor A. J. Birch.
The polysaccharide had "been isolated as a white amorphous powder
"by precipitation with acidified ethanol from an aqueous extract
of the resin.
Preliminary investigations showed that the polysaccharide,
D' + ^°» ^ad uronic anhydride content, Hydrolysis
furnished galactose (h6.5 moles) arahinose (12.6 moles) rhamnose
(3*5 moles) and a faint trace of xylose. In addition two aldo-
hiouronic acids were present which were identified chromatograph-
ically as 6 - 0 - (glucopyranosyluronic acid) - galactose and
6-0- (h-0- raethylglucopyranosyluronic acid) - galactose.
Partial hydrolysis studies.
A sample of the polysaccharide (polysaccharide A) was
hydrolysed for I4. hours at 100° with M sulphuric acid and the products
were adsorbed on to a D.E.A.E. Sephadex column in the formate form.
The neutral sugars, which were eluted with water, were fractionated
by chromatography on thick paper to give D - galactose, L - arab-
ss a
inose and L - rhamnose which were characterised by crystalline
derivatives.
The acidic sugars were eluted with 3% formic acid and
fractionation by chromatography gave two fractions.
Fraction /
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Fraction 1, oL D» 0 contained only one sugar which was
chromatographical'ly identical to 6-0 -/^-D- (glucopyranosyl-
uronic acid) - g - galactose. Hydrolysis of the fraction gave
only galactose and glucuronic acid. Reduction of the derived
methyl ester methyl glycoside with potassium borohydride followed
"by hydrolysis gave galactose and glucose. The latter sugar must
have arisen from reduction of glucuronic acid.
Methylation of the fraction afforded a syrup which failed
to crystallise. A gas-liquid chromatographic examination of the
cleavage products from methanolysis showed approximately equal
amounts of methyl 2,3,1 - tri - 0 - methylgalactoside and the
methyl ester of methyl 2,3»k - tri - 0 - methylglucuronoside
with a trace of methyl 2,3,5 - tri - 0 - methylgalactoside.











Fraction 2, j^, + 3°, was chromatographically identical
to 6-0 - (ij. - o - methyl * ft - D - glucopyranosyluronic acid) -
D - galactose and on hydrolysis gave galactose and an acidic sugar
with the same chromatographic mobility as It - 0 - methylglucuronic
acid. /
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acid. Reduction of the derived methyl ester methyl glycoside with
potassium borohydride, followed by hydrolysis gave galactose and
k - 0 - raethylglucose. The latter sugar must have arisen from
reduction of h - 0 - methylglucuronic acid. Periodate oxidation
of the hydrolysis products from the reduced sugar furnished 2 - 0 -
methylerythrose. The latter sugar must have arisen from periodate
oxidation of a k - 0 - methylhexose,
Methylation of the fraction afforded a syrup which failed
to crystallise. A chromatographic examination of the cleavage
products from methanolysis showed approximately equal amounts of
methyl 2,3»U - tri - 0 - methylgalactoside and the methyl ester of
methyl - tri - 0 - methylglucuronoside together with smaller
amounts of methyl 2,3*5 - tri - 0 - methylgalactoside, methyl 2,3,^1,6 -
tetra - 0 - methylgalactoside and an unknown (T = 3»0h column (a)).
The origin of the latter two minor components is unknown.
The above evidence shows that the major component of this




Polysaccharide A was methylated with barium hydroxide and
methyl sulphate to give a partially methylated product which had
0 Me, 31.9$. Methylation was completed by two treatments with
methyl iodide and silver oxide. The fully methylated polysacch¬
aride had D, - k9°, 0 Me, 1+2.8$.cA
The cleavage products from the methylated polysaccharide
were examined by gas-liquid chromatography of the methylglycosides
and paper chromatography of the sugars. The following methyl
ethers were detected.
Methyl ether Relative amounts
2.3.4 - Trimethylrhamnose +
2.3.5 - Trimethylarabinose ++
2,3,1+ - Trimethylarabinose trace
2,5 - Dimethylarabinose trace
2,3,1+,6 - Tetramethylgalactose ++++
2,i+,6 - Trimethylgalactose ++
2,3,1+ - Trimethylgalactose +++
2,1+ - Dimethylgalactose ++++
2 - Monomethylgalactose trace
2,3,1+ - Trimethylglucuronic acid +++
A sample of the fully methylated polysaccharide was
depolyraerised with methanolic hydrogen chloride and hydrolysed
with N sulphuric acid. The products were adsorbed on to a
D.E.A.E. /
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D.E.A.E. Sephadex column in the formate form, the neutral sugars
were removed with water and the acidic sugars were eluted with 3$>
formic acid. An examination of the cleavage products from the
acidic sugar fraction by gas-liquid chromatography of the methyl
glycosides and paper chromatography of the sugars showed 2,3,1+ -
tri - 0 - methylgalactose and 2,3,U - tri - 0 - raethylglucuronic
acid. A portion of the acidic sugar fraction, after conversion
to the methyl ester methyl glycoside, was reduced with potassium
horohydride. An examination of the cleavage products "by gas-
liquid chromatography of the methyl glycosides and paper chromat¬
ography of the sugars indicated the presence of 2,3>U - tri - 0 -
methylgalactose and 2,3,1+ - tri - 0 - methylglucose.
The above methylation results clearly show that the
polysaccharide is highly branched. 2,3,1+,6 - Tetra - 0 - methyl¬
galactose, 2,l+>6 - tri - 0 - methylgalactose, 2,3tk - tri - 0 -
methylgalactose and 2,1+ - di - 0 - methylgalactose were present
in largest amount indicating that the framework of the polysaccharide
consists of (1 - 3)-and (1 - 6)- linked galactose units.
All the rhamnose residues and the majority of the arabinoae
residues are present as non-reducing end-groups; the former in the
pyranose form and the latter in the furanose form. The detection
of trace amounts of 2,5 - di - 0 - methylarabinose and 2,3,1+ - tri -
0 - methylarabinose indicates that a small proportion of the arabinose
residues are accommodated as 3"~0"-/^)-"h — arabinopyranosyl —
L - arabinofuranose groups. The existence of this structural unit
35
in the polysaccharide was subsequently supported by partial
hydrolysis /
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hydrolysis evidence when trace quantities of & dissaccharide
with the same chromatographic mobility as 3-O-/0-L-f SS
arahinopyranosyl - L - arahinose was observed.
The acidic residues are present as non-reducing end-
group. The detection of 2,3,1+ - tri - 0 - methylgalactose
as the only neutral sugar among the hydrolysis products from
the acidic sugar fraction shows that all the acidic residues
are linked to periodate oxldisable galactose residues by a
(1 - 6) - linkage.
From the methylation and partial hydrolysis evidence
one possible partial structure for polysaccharide A is shown below.
Gal 1-3 Gal 1-3 Gal 1-3 Gal 1-3 Gal 1













(1+ - Me) G A
R a Araf 1 - , Arajg 1-3 Araf 1
or Rhap 1 —
Periodate oxidation studies.
Polysaccharide A was oxidised, with sodium metaperiodate.
1.U3 /
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1.2+3 moles of oxidant were consumed with the liberation of 0.62+
moles of formic acid per sugar unit* Prom the methylation and
partial hydrolysis evidence it can be seen that the residues which
will consume 2 moles of perlodate and liberate 1 mole of formic
acid are terminal non-reducing galactose, (1 - 6) - linked galactose,
glucuronic acid and terminal non-reducing arabinopyranose residues.
It follows then that 61+ % of the residues in the polysaccharide
are present in this form and of the remaining J>6%, 15% are present
as terminal non-reducing 2+ - 0 - methylglucuronic acid and terminal
non-reducing arabinofuranose residues.
In order to obtain information on the distribution of the
(1 - 3) - linked galactose residues, the polysaccharide was
oxidised with sodium metaperiodate until no more reagent was
consumed. The oxidised residues were removed from the molecule,
after reduction with potassium borohydride. by treatment with N
sulphuric acid at room temperature. The resulting degraded poly¬
saccharide was recovered by precipitation with ethanol. The
supernatant liquid and ethanol washings were combined and concent¬
rated to give syrup B. The degraded polysaccharide (polysaccharide
B), |>]d, + 26°, on hydrolysis gave galactose and arabinose in
the approximate ratio of 20 to 1, and a trace of a third reducing
substance (Sq.&1 » 2.02), but no non-reducing substances.
The degraded polysaccharide was subjected to a second
periodate oxidation and Smith degradation to give a further degraded
polysaccharide (polysaccharide C), + 30°» which on hydrolysis
gave galactose and trace of arabinose and a third reducing substance
(R(jai = 2,02), but no non-reducing substances. Evaporation of the
supernatant /
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supernatant liquid and ethanol washings from the precipitation of
polysaccharide C gave syrup C.
A chromatographic examination of the two low molecular
weight fractions (syrups B and C) showed mainly glycerol with
smaller amounts of two other non-reducing substances, hut no
reducing sugars. Hydrolysis of the two syrups gave galactose,
arabinose (syrup B only) and the above three non-reducing subtances.
The presence of the above reducing sugars in these fractions is
due mainly - if not entirely - to contamination of the syrups with
polymeric material.
The two degraded polysaccharides were examined by partial
hydrolysis, periodate oxidation and methylation. Both polysacchar¬
ides proved extremely difficult to methylate and fully methylated
derivatives were not obtained. The results of these experiments
together with those from similar studies on the undegraded poly¬
saccharide are shown below.
Partial hydrolysis studies.
Disaecharides
(1 - 3)- galactobiose
(1 - 6)- galactobiose































































Prom the methylation studies on the undegraded
polysaccharide^ where 2,3,h,6 - tetra - 0 - methylgalactose,
2,3,14. - tri ~ 0 - methylgalactose and 2,14. - di ~ 0 - methyl-
galactoae were found in largest amount, three possible partial
structures for the galactan framework are shown below (1, 11, 11
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Since polysaccharide residues were isolated from the
products of both Smith degradations, the polysaccharide must
possess /
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possess "blocks of periodate - resistant residues. Structure (111)
can therefore "be eliminated as only isolated periodate - resistant
residues would he present. Structure (11) can also "be eliminated
as the polysaccharide residue obtained from a Smith degradation
of such a structure (XV) would contain no periodate - resistant
residues and would, consequently, fragment when subjected to a
second Smith degradation.
- 6 Gal 1 - 6 Gal 1 -
(IV)
Evidence in favour of structure (1) representing a rna^or part of
the galactan framework was provided by perio&ate oxidation,
partial hydrolysis and methylation studies on the two degraded
polysaccharides.
The amount of periodate consumed by the polysaccharide
decreased after each Smith degradation indicating that the poly¬
saccharide was approximating to a (1 - 3)- linked galactan.
Partial hydrolyses of the two degraded polysaccharides gave
3 - 0 - galactopyranosy1-galactose with only traces of the (1-6)-
1inked isomer, whereas the und®graded polysaccharide furnished on
partial hydrolysis, large amounts of 6 - 0 - galactopyranosyl -
galactose with smaller amounts of the (1 - 3)~ linked isomer. It
is evident therefore, that the (1 - 3)- linkages between galactose
residues predominate in the interior chains of the molecule.
Both Smith degraded polysaccharides proved extremely
difficult /
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difficult to me thylate and, like Smith degraded mountain larch
arabinogalaetan (85)» fully methylated derivatives were not
obtained. In the absence of any evidence indicating the presence
of a significant number of (1 - 4)- linkages in the undegraded
polysaccharide, the appreciable quantities of 2 - 0 - methylgalactose
and 2,6 - dl - 0 - methylgalactose found in the methylation studies
on the two degraded polysaccharides <xnH attributed to incomplete
methylation. The large amounts of 2,4*6 - tri - 0 - methylgalactose
and the virtual absence of 2,3*4 - tri - 0 - methylgalactose among
the cleavage products from both methylated degraded polysaccharides
provide further evidence in favour of a (1 - 3)- linked galactan
backbone.
The trace amounts of 6 - 0 - galactopyranosyl-galactoss
which were found among the partial hydrolysis products even after
the second Smith degradation suggests that branching may occur in
some of the galactose containing side-chains (V).











(V) R Gal 1 - 3 Gal 1 -
The /
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The email amount of terminal non-reducing arablnofuranose
found in the methylated degraded polysaccharide arises from the
3 - 0 - arahinopyranosyl-arabinofuranose groupings in the uncle-
graded polysaccharide (VI).







The results of the investigations on the polysaccharide
from Araucaria bidwilli gum clearly show that it contains a
galaetan framework consisting of a main chain of (1-3)- linked
g - galactopyranose residues to which are attached# through
positions C 6fg - galactopyranose-containlng side-chains. Since
appreciable quantities of 2#h>6 - tri - 0 - methylgalactose were
found among the cleavage products from the methylated polysaccharide,
not all the main chain galactose residues carry side-chains.
Some of the galactose-coniaining side-chains are terminated by






are present mainly as non-reducing end-groups in the furanose
form. Ehamnopyranose residues, which are present in small
proportion only? appear to be accounted for entirely in the form
of non-reducing end groups.
It is not yet possible on the present evidence to indicate
how the aldobiouronic acid, a rabinose and rhamnose residues are
incorporated in the general molecular structure of the polysacch¬
aride and the structure shown below indicates only one possible
site of attachment of these units.
Proposed structure for Arauearia bidwilli gum polysaccharide.
- 3 Gal 1 - 3 Gal 1 - 3 Gal 1 - 3 Gel 1 - 3 Sal
6 6 6 6
1 1 1
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Comparison of the structural features of
Japanese larch arabinogalactan A and Aj^ucarjya bi,^^.!!!
with those of other coniferous wood arabinogalactans and
ijl.w .. linn ib i nil. .111111 u i.. _ ii.. _i. iiiil-ijuiii ■■ ii. mi wi ii i—im»i—■■ 11 ■mi i i 111 iiiiiiTir-Tfr-rr" r" - — •
galactan-based gums.
Methylation and partial hydrolyses studies on the two
polysaccharides which have "been the subjects of the present
investigations have shown that "both polysaccharides possess highly
branched frameworks consisting of (1-3)- and (1-6)- linked D -
S3
galactopyranose residues# Periodate oxidation followed by Smith
degradations led to the isolation of degraded polysaccharides in
which (1-3) - linked D - galactose residues were shown, by methy-
SB
lation, partial hydrolyses and periodate oxidation studies, to be
predominant# These results show that both polysaccharides possess
similar galactan frameworks consisting of (1—3)— linked g - gal¬
actopyranose main chains to which are attached, through positions C6,
galactose-containing side-chains (VII). Similar studies on other
coniferous wood arabinogalactans (22, 32, 33, 63-70, 72-76, 82-86)
and the polysaccharides from Acacia Senegal gum (36, 87-89) Khaya
senegalensis gum (B fraction) (36), Acacia p.vcnantha gum (90-92)
and Aaafoetida gum (93) have shown that these polysaccharides possess
a similar type of galactan framework (VII).
— 3 Gal 1 /
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In Japanese larch arabinogalactan A, as in the other
coniferous wood arabinogalactans and Acacie Senegal gum (gum arable)
virtually all the residues in the main chain are substituted at
position C6 (VIII) as only trace amounts of 2,kt6 - tri - 0 - methyl-
galactose were found among the hydrolysis products from the methylated
polysaccharide.




In Araucaria bidwllli gum, however, relatively large
amounts of 2,kt6 - tri - 0 - methylgalaetose were detected on
examination of the cleavage products from the methylated poly¬
saccharide, suggesting that an appreciable proportion of the main
chain galactose residues do not carry side-chains. In this respect
the polysaccharide is similar to Khaya senegalensis gum (B fraction),
Acacia u.vcnantha gum and Asafoetlda gum. In the latter gum
approximately /
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approximately half of the main chain galactose residues are not
further substituted (IX).
3 Gal 1 - 3 Oal 1 - 3 9al 1 - 3 Gal 1 - 3 Sal 1
6 6 6
(IX)
A characteristic feature of the above gums, which for
convenience will be termed galactan-based gums, is the presence of
glucuronic acid residues, often present in part as the h - 0 - methyl
ether. The acidic residues in Araucarla bidwilli gum, as are the
majority and frequently all the acidic residues in other galactan-
based gums, are linked to position C6 of galactose residues as the
only aldobiouronic acids isolated as products of partial hydrolysis
from the gum were 6 - 0 - (/^ - 3D - glucopyranosyluronic acid)- D -
galactose and 6 - 0 - (4 - 0 - methyl ~- D - glucopyranosyluronic
acid) - D - galactose (x)«
85
(h - Me) GA 1 - 6 Gal
(X)
The detection of 2,3tb - tri - 0 - methylglucuronic acid
and the fully e therified aldobiouronic acid 6 - 0 - (2,3?h - tri - 0 -
methylglucuronic /
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methylglucuronic acid) - 2,3>4 - tri - 0 - methylgalactose as the
only acidic sugars among the cleavage products from the methylated
polysaccharide indicates that all the acidic residues in Araucaria
bidwilli gum are present as non-reducing end-groups and that aldc-
biouronic acid units (XI) must "be attached as side-chains to the
galactan backbone- The precise mode of attachment is not known.
(4 - Me) OA 1 - 6 Gal 1 -
(XI)
Similar studies on other galactan-based gums have shown that
all the acidic residues in Acacia uyenantha gum, Asafoetida gum and
degraded Acacia Senegal gum from which the acid-labile had been
A
removed, and four out of five of the acidic-residues in Khar;a
Senegalensis gum (B fraction) are also present as non-redueing-end
groups. In Acacia p.vcnantha gum and degraded Acacia Senegal gum,
like Araucaria bidwilli gum, all the acidic residues are linked to
side-chain galactose residues (XI).
Small amounts of 2,3,^4- - tri - 0 - methylglueuronic acid were
detected among the cleavage products from methylated Japanese larch
arabinogalactan A but it is impossible on the available evidence to
state how these terminal non-reducing residues are incorporated in the
general molecular structure of the molecule. In the arabinogalactans
from tamarack larch (82-81;) and maritime pine (86), where glucuronic
acid accounts for approximately 3% of the residues, and mountain larch
(85) /
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(85) which contains 7% glucuronic acid, it has "been shown that, like
Araucaria hidwllli gum and other galaetan-based gums, the acidic
residues are present as non-reducing end-groups and are attached to
position C6 of galactose residues.
Both Japanese larch arabinogalactan A and Araucaria bidwilli
gum contain L-rharanose and/or L - arabinose residues which are easily
cleaved by acid. In Araucaria bidwilli gum, as in all the other
rhamnose-containing galactan-based guni3, the only rhamnose derivative
found among the cleavage products from the methylated polysaccharide
was the 2,3»4 - tri- 0 - methyl ether, therefore, the small proportion
of -these sugar residues are present as end-groups in the pyranose form
(.XII). Both Japanese larch arabinogalactan A and Araucaria bidwilli
gum, like the other coniferous wood arabinogalactans and galactan-
based gums^contain non-reducing arabinofuranose end-groups (XIII).
In addition, non-reducing arabinopyranose and non-tei'mlnal arabinofur¬
anose groups are also present, the latter two arabinose residues
accounting for only a very small proportion of the arabinose content
of Araucaria bldwlili gum. Methylatlon and partial hydrolyses studies
on both polysaccharides has shown that at least some, and possibly all,
the arabinopyranose and non-terminal arabinofuranoae residues are
accommodated as 3 - 0 - L - arabinopyranosyl - L - arabinofuranose
"*• S3
end-groups (XXV).
Rha£ 1 - (XII)
Ara£ 1 - (XIII)
Araj) 1 - 3 Araf 1 - (XIV)
The /
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Tiie structure shown "below (XV) is a general structure embody¬
ing all the known sites of attachment of acid-labile units to the
galactan framework from polysaccharides of both groups although not
all the sites indicated are necessarily encountered in every poly¬
saccharide. The nature of the acid-labile units known, to be present
in individual polysaccharides is shown in table // .
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R = acid labile 'unit
(XV)
A comparison of the proportion of methyl ethers formed on
hydrolyses of the methylated polysaccharides and of the methylated
degraded polysaccharides from which the acid-labile units had been
removed by mild acid hydrolysis, has in many galactan-based gums
indicated the positions of linkage of acid-labile units to the
galactan framework. Where such a comparison has been made, in the
majority of cases it has been shown that some acid-labile units are
attached /
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attached to position C6 of the galactose residues in the main chains
(XV). In Araucaria "bidwilll gum there is as yet little information
concerning the mode of attachment of acid-labile unit. However at
least some of the non-terminal arahinofuranose residues must he
attached to periodate-resistant galactose residues, probably those
in the main chain (XVI), as periodate oxidation followed by a Smith
degradation resulted in the isolation of a degraded polysaccharide
which contained 5% arabinoae.
- 3 Gal 1
6








In Acacia Senegal gum rharanopyranose residues have been
shown to be attached to position Ck of glucuronic acid units (X\rIl)
since U-O-c^-L- rhamnopyranoayl - g - glucose was isolated as
a product of acetolysis from the carboxyl reduced gum (83). It is
clear that such a mode of attachment in Araucaria bidwilli gum is
impossible /
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impossible as all the acidic units are present as non-reducing end-
groups and consequently the rhamnose residues must be attached, as in
Acacia pycnantha gum, to galactose and, possibly, arabinofuranose
units.
Rhag 1 - 1+ G A 1 •
(XVII)
The primary hydroxy1 groups of arabimofuranose and terminal
galactose residues in Japanese larch arabinogalactan A were oxidised
to carboxylic acid groups thereby stabilising the furanose liikages
to acid attack. -Partial hydrolysis studies on the oxidised poly¬
saccharide has shown that arabinose residues, as in European larch
arabinogalactan (76) ana like many of the acid-labile units in
galactan-based gums, are linked to position C6 of galactose residues.
The isolation of a degraded polysaccharide which contained 10%
arabinose from periodate oxidised and Smith degraded Japanese larch
arabinogalactan A (33) showed that non-terminal arabinofuranose units
were attached to periodate-resistant galactose residues, very probably
those in the main chain (XVIIl). The absence of any monosaccharide
derivatives among the low molecular weight degradation products
suggested that no non-terminal arabinofuranose residues were attached
to (1-6)- linked galactose residues in the side chains (XIX).
Similar degradation studies on other coniferous wood arablnogalactans
led to the same conclusions concerning the mode of attachment of the
majority of non-terminal arabinofuranose to galactose residues,
although /
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although in European larch arahinogalaetan (76), Western larch
arahinogalactan B (hut not A) (70)» and mountain larch arabinogalactan
(85) small proportions of the non-terminal arahinofuranose residues
are probably linked as in (XIX).









It is becoming increasingly apparent that the coniferous
wood arabinogalaetans and the galactan-based gums form a spectrum of
polysaccharides which have a main chain of (1-3)- linked D - galactopy-
ranose residues to which are attached,through positions C6,side-chains
of (1-6)- linked D - galactose residues. Acid-labile units, and
acidic residues when present, are situated in the periphery of the
molecule and there is no evidence to indicate their presence in the
interior chains. The nature of peripheral units known to be present
in polysaccharides from both groups is shown in table 1/ .
The /















The relative proportion of the various sugar residues in
these polysaccharides vary considerably with the galactan "based gums
containing in general a smaller proportion of galactose residues
(table 2).
Table II
Peripheral units Polysaccharides in groups
1 2 3 k 5 6 7
Araf 1 - + + + + + + +
Araf 1-3 Araf 1 - - - - - + - mm
Arap 1-3 Araf 1 - + + + - - +
Galp 1-3 Araf 1 - - - - - - + -
Xyip 1-3 Araf 1 - - - + - - - -
Rhap 1 - mm - - - + + +
Rhap 1 - ? Gal 1 - - - - - + - +
Rhap 1 - 0 A 1 - - - • - + —
G A 1 — 6 Gal 1 — - + * •¥ +
4 — Me — GA 1 — 6 Gal 1 — — ** + — +
1 Japanese, European and Western lardh arabinogalactans.
2 Tamarack and mountain larch arabinogalactans.
3 Maritime pine arabinogalactan.
Asafoetida gum and Kha.va senegalensis gum (B fraction).
5 Acacia n.vcnantha gum.
6 Acacia Senegal gum.




Summary of work done
Araucaria bidwilli gum (Polysaccharide A).
Hydrolysis
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Degraded Araucaria hidwilll gum (Polysaccharide B).
Hydrolysis
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Hydrolysis of Polysaccharide A.
Polysaccharide A (5 rag.) + 11 (jS 0.5 In water),
was hydrolysed with g sulphuric acid (2 ml.) for h hoars at 100°.
Paper chromatography in solvents A and C gave galactose, arabinose,
rhamnose and two acidic oligosaccharides. A trace of xylose was
observed on chromatograras which had been heavily spotted.
The acidic sugars were separated from the neutral sugars
on a D.E.A.I. Gephadex column (grade A.25, h x 1 cm.). After
conversion to the methyl ester methyl glycosides, the acidic sugars
were reduced with potassium borohydride and hydrolysed with g
sulphuric acid. Paper chromatography in solvent A gave galactose,
glucose (Rq.qi = 1.18) and h ~ 0 - methylglucoae (R$ai = 1.90).
Sugar proportions in polysaccharide A.
Polysaccharide A (16 mg.) was hydrolYsed with g sulphuric
acid (3 ml*) for h hours at 100°. The solution was neutralised
by extraction with L.A.2 liquid resin in chloroform (3% v./v.,
5 x 20 ml.), stirred with Amberlite resin IR - 120 (H) to remove
traces of the liquid resin, filtered and evaporated to dryness.
The residue was fractionated by paper chromatography on Whatman No.1
filter paper in solvent R.
A colorimetrlcal estimation (97) of the neutral sugars
gave galactose (H6.5 moles), arabinose (12.6 moles) and rhamnose
(3*5 moles).
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PARTIAL HYDROLYSIS STUDIES OH POLYSACCHARIDE A.
Partial hydrolysis of Polysaccharide A.
Polysaccharide A (10 mg.) was heated with sulphuric acid
(0.5 N, 3 ml.) on a "boiling-water hath for 1 hour. The solution
was neutralised with Amberlite resin IR - i*B (OH), filtered and
evaporated to dryness. Paper chromatography in solvent A gave
arabinose (RQ.al = 1.35)» galactose, and 6 - 0 - galactopyranosyl -
galactose (Rq.^ = 0.39) as the main components with smaller amounts
of 3 - 0 - arabinopyranosyl - arabinose (Rq8^ = 0.82), 3 - 0 -
galactopyranosyl - galactose (RGal = O.53) and higher galactose-
containing oligosaccharides.
Isolation of neutral and acidic sugars.
Polysaccharide A (2g.) was hydrolysed with N sulphuric acid
(50 ml.) for k hours at 100°. The solution was 95% neutralised
with barium hydroxide, centrifuged and neutralised to completion
with Amberlite L.A.2 liquid resin in chloroform (5% v./v., 5 x 20 ml.)
The solution was stirred with Amberlite resin IR - 120 (H) to remove
traces of liquid resin, filtered and concentrated to a syrup (l.9g.).
The syrup was fractionated on a D.E.A.E. Sephadex column




Separation of neutral sugars.
The neutral sugars were separated into 3 fractions by
paper chromatography on 3 MM filter sheets in solvent B.
Characterisation of neutral sugars.
Fraction 1«
This fraction (l.lg., R$ai » 1.00 in solvent A) was
chromatographically identical to D - galactose. The sugar,
after recrystallisation from absolute alcohol, hadjj^J$, + 79c
(jgs, 0.8 in water), m.p. = 163°, undepressed on admixture with
D - galactose.
Fraction 2.
This fraction (161 mg., Rq.Q2 = 1*36 in solvent A) was
chromatographically Identical to i - arabinose. The sugar, after
recrystallisation from ethanol containing 20% water, had_°^jD, + 10ij.




This fraction (50 mg., Rq^ 81 1*97 in solvent A) was
chromatographically identical to L - rhamnose. The sugar, after
recrystallisation from ethanol containing 30/5 water, hadjf^-J])# + 6.7




Separation of acidic sugars.
Paper chromatography in solvent C showed that 2 aldo-
biouronic acids with identical RGai values to 6 * 0 (/^• D -
glucopyranosyluronic acid) - D - galactose (R(jai » 0,20) and
6 - 0 - (U - 0 - methyl - /? - g - glucopyranosyluronic acid) -
g - galactose (RQal " °.6l), and g - glucuronic acid (Rqqi = 1 * 21)
were present.
The mixture was separated by paper chromatography on
Whatman 31 (extra thick) filter sheets in solvent C to give
aldobiouronic acid A (216 mg., Rgai » 0.20) and aldobiouronic acid
B (70 mg., « 0.61).
Characterisation of aldobkmaaii; acid A.
oi
Aldobiouronic acid A (RGal = 0.20 in solvent C) had
D» 0 (jg, 1,5 in water). Hydrolysis with 2g sulphuric acid
for 6 hours and subsequent paper chromatographic examination of
the neutralised hydrolysate gave approximately equal proportions
of galactose and glucuronic acid. Aldobiouronic acid A (2 mg.),
after conversion to the methyl ester methyl glycoside, was
reduced with potassium borohydride and hydrolysed with N sulphuric
S3
acid. A chromatographic examination of the neutralised hydrolysate
in solvent A gave approximately equal amounts of galactose and
glucose.
Methyl sulphate (1 ml.) and aqueous sodium hydroxide (1 ml.
30% w./v.) were added dropwise over a period of 2 hours to a
solution /
138.
solution of aldobiouronic acid A (100 mg.) in water (5 ml.).
The solution was stirred vigorously at 0° in an atmosphere of
nitrogen for 12 hours. Stirring was continued at room temperature
and methyl sulphate (3 ml.) and aqueous sodium hydroxide (6 ml.)
were added dropwise over a period of 5 hours. Similar additions
of the reagents were made on 1+ successive days. The reaction
mixture was heated on a "boiling-water "bath for 30 minutes to destroy
excess methyl sulphate, cooled, acidified with sulphuric acid and
poured into methylated spirits (b volumes). The precipitated
sodium sulphate was removed at the centrifuge and washed with
methylated spirits (k x 50 ml.)* The centrifugate and washings
were combined, made slightly alkaline with sodium hydroxide, and
concentrated to small volume (50 ml.). The aqueous solution was
acidified with sulphuric acid and extracted with chloroform
(4 x 100 ml.). The chloroform extracts were washed with water and
evaporated to dryness. The silver salt of the partially methylated
aldobiouronic acid was prepared by dissolving the residue in water
(10 ml.) and stirring with silver carbonate (50 mg.). Excess
silver carbonate was removed at the centrifuge and washed with water
(4 x 20 ml.). The centrifugate and washings were combi&ed and
freeze-dried to give a light brown product (120 mg.).
The partially methylated sugar was methylated twice with
methyl iodide (10 ml.) and silver oxide (1.5 g.)• Evaporation of
the solvent gave a light brown syrup (70 mg.).
Examination of the cleavage products by gas-liquid chroma-?
tography of the methyl glycosides, and paper chromatography of the
sugars /
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sugars in solvent E indicated the presence of 2,3»U - tri - 0 ~
methylglucuronic acid (Rq. = G.87» T = 2.50» 3*21 column (a),
1.78* 2.20 column (b)), 2,3tk - trl - jg - raethylgalactose (Rq. =
0,69> 2 = 7»28 column (a), 2.61, 2.88 column (b)) and a small
amount of 2,3»5 - tri ~ 0 - methylgalactose (T = k»U3 column (a)).
Characterisation of aldobiouronic acid B.
Aldobiouronic acid B = 0.61 in solvent C) had
^
D » + 3° (cj, 0.9 in water). Hydrolysis with 2K sulphuric
acid for 6 hours and subsequent paper chromatographic examination
of the products showed approximately equal proportions of galactose
and 1+ - 0 - methylglucuronic acid. Aldobiouronic acid B, after
conversion to the methyl ester methylglycoside was reduced with
potassium borohydride and hydrolysed with N sulphuric acid. A
SS
chromatographic examination of the products in solvent A showed
approximately equal amounts of galactose and U - 0 - methylglucose
(Rfjai - 1«90). A portion of the hydrolysate (3 mg. ) was subjected
to periodate oxidation (105). Paper chromatography of the oxidised
products gave 2 - 0 - methylerythrose (Rp= 0.55 in solvent D). The
formation of this sugar is indicative of k - 0 - methylglucose.
Aldobiouronic acid B (50 rag.) was converted to the fully
methylated derivative by the same raethylation procedure as was used
for aldobiouronic acid A. Gas-liquid chromatography of the cleavage
products from methanolysis indicated the presence of 2,3 tk - tri -
0 - methylgalactose (T = 7.25 column (a), 2.49» 2.7*1- column (b)),
2,3,U - tri - 0 - methylglucuronic acid (T » 2»k7» 3*17 column (a),
1.68, /
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1*68, 2*07 column (to)} and smaller amounts of 2,3,5 • trl - <3 •
mettoylgalactose (T *= 4*39 column (a), 1*85 column (to)), 2,3»4,6 -
. ss
tetra - 0 « methylgalactose (T « 1*78 column (a), 1*52 column (to))
as
and an unknown substance (T ® 3*04 column (a))*
S3
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METHYLATION STUDIES OK POLYSACCHARIDE A.
Methylation of polysaccharide A (III).
A suspension of polysaccharide A (1+00 mg.) in ether
(100 ml.) containing diazomethane (1% w./v.) was vigorously stirred
for 18 hours. The resulting methyl ester of the polysaccharide
was removed at the centrifuge, dissolved in warn dimethylsulphoxide
(10 ml.), cooled and diluted with dimethyIfo rmamide (10 ml.). The
solution was stirred at 0° for 30 minutes when barium hydroxide
octahydrate (10 g.) was added. Stirring was continued at 0° and
aliquot proportions of methyl sulphate (2 ml.) were added after 30,
90, 120 and 180 minutes. After 30 minutes the ice-bath was removed
and stirring was continued for 2 days. The reaction mixture was
then dialysed against running tap-water for 5 days, treated with
Amberlite resin IS - 120 (H) to remove cations and freeze-dried to
give partially methylated polysaccharide A (355 mg.)
31.2?
Pound: OMe,
The partially methylated material was methylated to completion
with methyl iodide (2 ml.), dimethyIformamide (6 ml.) and silver
oxide (2g. ) to give methylated polysaccharide A (210 mg. ),
(c, 0.6 in chloroform)
methylation.
o<
Pound: 0 Me, 42.
j),- 49
not raised on further
Examination of methylated polysaccharide A.
The methylated polysaccharide was methanolysed and the
resulting /
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resulting mixture of methyl glycosides was analysed hy gas-liquid
chromatography. The results obtained are shown in table /£ .
Trace amounts of 2 - 0 - methylgalactose (R$ai « 1*70) were observed
on a paper chromatographic examination of the hydrolysis products
in solvent A.
Table I £
Methyl Ether 2 Values
Column-(a) Column (b]
Relative amounts
2,3,4 - Trimethylrhamnose 0.47 0.47 +
2,3,5 - Trimethylarabinose O.56 0.47 -f+
0.73 0. 60
2,3,4 - Trimethylarabinoae 1.06 0.83 tr
2,5 - Dimethylarabinose 0.70 tr
2,3,4,6 - Tetramethylgalactose 1.80 1.52 ++++
1.60
2,4,6 - Trimethylgalactose 4.16 2.07 ++
4*74 2.37
2,3,4 - Trimethylgalactose 7.48 2.60 +++
2.88
2,4 - Dimethylgalactose 3.57 ++++
4.24
2,3,4 - Tvimethylglucuronic 2.50 1.77 +++
acid 3.24 2.21
2 - Monomethylgalactose - - tr
Methylated /
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Methylated polysaccharide A (50 mg.) was partially
methanolysed by refluxing with methanolic hydrogen chloride
(5 ml., 2% W./v.) for 2 hours. The solution was neutralised
in the usual way and concentrated to a syrup. The partially
methanolised product was than hydrolysed with N sulphuric acid
at 100° for 4 hours, neutralised with "barium hydroxide and "barium
carbonate, treated with Amberlite resin iii - 120 (h) to remove
barium ions and concentrated to small volume (5 ml.).
The acidic sugars were separated from the neutral sugars
on a D.3.A.E Sephadex column (grade A 25, !+ x 1 cm.). Gas-liquid
chromatography of the cleavage products from methanolysis showed
the methyl glycosides of 2,3*4 - tri - 0 - methylglucuronic acid
(T = 2.50, 3*22 column (a), 1.77, 2.22 column (b)) and 2,3,4 - tri -
as
0 - methylgalactose (T = 7.5 column (a), 2*66, 2.94 column (b)).
S5
A portion of the acidic fraction, after conversion to the methyl
ester methylglycoside, was reduced with potassium borohydride.
Paper chromatography of the hydrolysis products in solvent D gave
2,3,4 - tri - 0 - methylgalactose (Rq. « 0*72) and 2,3*4 - tri - 0 -
methylglucose (Rq. = 0.88). No cli - 0 - methylgalactose or di - 0 -
methylglucose was observed.
1l&.
PERIODATE OXIDATION STUDIES ON POLYSACCHARIDE A.
Periodate consumption of polysaccharide A.
The amount of reagent consumed when polysaccharide A
(100 mg. ) was oxidised with sodium metaperiodate (10 ml.» 0.15 M)
was determined spectrophotometrically by the method of Aspinall
and Ferrier (106) and found to be 1.43 moles per sugar unit.
Formic acid release from polysaccharide A.
The amount of formic acid released by polysaccharide A
on oxidation with potassium metaperiodate was determined by the
method of Halsall, Hirst and Jones (10?) and found to be 0.6k moles
per 3ugar unit.
Smith degradation of polysaccharide A.
Polysaccharide A (8.0 g.) was dissolved in sodium meta¬
periodate solution (800 ml. 0.15 M) and allowed to stand at room
SB
temperature in the dark for 90 hours. Ethylene glycol (7 g.) was
added to destroy excess periodate, and the solution was left for
30 minutes. Sodium ions were removed with Amberlite resin IR - 120(h)
V" ""'w . r, ,
and the resulting acid solution was neutralised with barium hydroxide
and barium carbonate. Barium salts were removed at the centrifuge
and washed with water (1+ x 100 ml.). The centrifugete and washings
wer'j combined, treated with potassium borohydride (11 g.) and
allowed /
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allowed to stand at room temperature for 2 days. The solution
was then stirred for 15 minutes with Amberlite resin IR - 120 (H)
to destroy excess borohydride and remove cations, filtered and
evaporated to dryness. Boric acid was removed by the repeated
addition and evaporation of methanol.
The residue was dissolved in N sulphuric acid (200 ml,)
and left at room temperature for 3 hours. The solution was
neutralised in the usual way, concentrated to small volume (50 ml, )
and poured into ethanol (4 volumes). The precipitate was removed
at the centrifuge, washed with ethanol (4 x 75 ml.), dissolved in
w_ater and reprecipitated to give polysaccharide B (2.07 g. ),
jj, + 26° (ct, 0.7 in water).
The degraded polysaccharide on hydrolysis gave galactose,
arablnose and a trace of reducing substance (RGal » 2.02 in solvent A)
but no non-reducing substance.
The supernatant liquid and ethanol washings from the
precipitation of polysaccharide B were combined and concentrated to
give syrup B (2.8 g.). Paper chromatography of the syrup in solvent C
indicated the presence of glycerol (R.-ia^ ~ 2.38) and two other non-
reducing substances (R$ax = 2,08 and 1.91) but no reducing sugars.
Hydrolysis of the syrup followed by paper chromatography gave galactose,
arabinose and the above three non-reducing substances.
Sugar proportions in polysaccharide B.
The polysaccharide was hydrolysed with II si%)huric acid at
100° /
1k6,
100° for U hours and the products were fractionated on Whatman No.1
filter paper in solvent B. A colorimetrical estimation (97) of the
sugar fractions showed that the ratio of galactose to arabinose was
approximately 20 to 1.
Partial hydrolysis of polysaccharide B.
A sample of the polysaccharide was heated with sulphuric
acid (0,5 N) at 100° for 1 hour. Paper chromatography of the
SS
products in solvent A indicated the presence of (1-3) - galactobiose
^sGal ~ °*53) (1-3) - galactotriose (KGal = 0,23) snd a smaller amount
of (1-6) - galactobiose (R(Jal= 0,35),
Methylation of polysaccharide B.
Methyl sulphate (1 ml.) and aqueous sodium hydroxide
(1 ml,, 30^0 w./v. ) were added drop .vise over a period of 2 hours to a
solution of polysaccharide B (150 mg,) in water (5 ml,). The reaction
mixture was stirred for 12 hours at Qu in an atmosphere of nitrogen.
Stirring was continued and methyl sulphate (ij. ml. ) and aqueous sodium
hydroxide (6 ml.) were added dropwise. Similar additions of the
reagents were made on 6 successive days. After the third addition
acetone was added to keep the partially methylated polysaccharide
in solution. The solution was heated on a boiling-water bath for 30
minutes, cooled, neutralised with sulphuric acid and poured into
methylated spirits (k volumes). The precipitated sodium sulphate was
removed at the centrifuge and washed with methylated spirits (k x 50ml.).
The /
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The centrifugate and washings were combined, concentrated to small
volume (50 ml#) and extracted continuously with chloroform for 18
hours. The chloroform extract was dried over anhydi'ous sodium
sulphate and evaporated to dryness* The residue was dissolved in
chloroform and poured inu) light petroleum (20 volumes). The
resulting precipitate was removed at the centrifuge to give partially
methylated polysaccharide B (120 mg.) Found: 0 Me, 32.1% j.
The partially methylated polysaccharide was methylated 6
times with methyl iodide (10 ml.) and silver oxide (2g.), and twice
with methyl iodide (0.23 ml.), dimetixylformamiue (Q#75 ml.) and silver
oxide (250 mg.) to give methylated polysaccharide B (51 mg.),
jj, - ii> (cs, ci in chloroform) 'Found: 0 Me, 37*k$> •
The cleavage products from the methylated polysaccharide
were examined by gas-liquid chromatography of the methyl glycosides
and paper chromatography of the sugars in solvents I) and F. The
results obtained are shown below.
Methyl /
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Methyl ether T values
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The T values in parentheses are common to more than one
sugar,
Periodate consumption of polysaccharide B.
The amount of reagent consumed when polysaccharide B
(100 mg.) was oxidised with sodium metaperiodate (10 ml., 0.15 M)
was determined spectrophometrically by the method of Aspinall and
Ferrier (106) and found to be 0.27 moles per sugar unit.
Formic /
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Formic acid release of polysaccharide B.
The amount of formic acid released by polysaccharide B
on oxidation with potassium metaperlodate was determined "by the
method of Halsall, Hirst and Jones (10?) arid found to "be 0,09
moles per sugar unit.
Smith degradation of polysaccharide B.
Polysaccharide B (1.3 g. ) was oxidised with sodium
metaperlodate (130 ml., 0.15 i) for 1*8 hours, reduced with potassium
borohyciride (2 g.) and hydrolysed with cold sulphuric acid (i N,
50 ml.) "by the same procedures as were used for the degradation of
polysaccharide A. Precipitation with ethanol gave polysaccharide C
(771 mg.), + 3°° (£» 0,6 in water).
The degraded polysaccharide on hydrolysis gave galactose,
traces of arablnose and a reducing substance (Rgax = 2.02) "but no
non-reducing substances.
The supernatant liquid and ethanol washings from the
precipitation of polysaccharide C were combined and concentrated
to give syrup C. Paper chromatography of the syrup in solvent C
Indicated the presence of glycerol (R(%ai = 2*38) two other non-
reducing substances (R$ai « 2.08 and 1.91) but no reducing substances.
Hydrolysis of the syrup followed by paper chromatography gave
galactose and the above three non-reducing substances.
Partial /
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Partial hydrolysis of polysaccharide C«
Polysaccharide C was partially hydrolysed under the same
conditions as were employed for the paitial hydrolysis of polysacch¬
arides A and B. The products were examined chromatographically in
solvent C when (1 - 3) - galactobiose and (1 - 3) ~ galactotriose
with only a trace of (1 - 6) - galactobiose were observed.
Methylation of polysaccharide C.
Polysaccharide C (150 mg.) was methylated 7 times with
methyl sulphate (i+ ml.) and aqueous sodium hydroxide (8 ml., 30?°
w./v.) by the same procedure as was used for the methylation of
polysaccharide B, to give partially methylated polysaccharide C
(125 mg.) Pound! 0 Me, 31.6^J.
The partially methylated product was methylated 6 times
with methyl iodide (10 ml.) and silver oxide (2 g. ), and twice with
methyl iodide (0.25 ml.), dimethylformamlde (0.75 ml.) and silver
oxide (250 mg.) to give methylated polysaccharide C (56 mg.),
[°<]d -I (c,oyin chloroform) Pound 1 0 Me , 36,6%
The cleavage products from the methylated polysaccharide
were examined by gas-liquid chromatography of the methyl glycosides
and paper chromatography of the sugars in solvents D and P. The
results obtained are shown below.
Methyl /
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vuoted as Rg,6 - Pimethylgalactoae values*
Perlocate oxidation of polysaccharide C»
The amount of reagent consumed when polysaccharide C
(100 mg.) was oxidised with sodium metaperiodete (10 ml. 0.15 M) was
a
determined spectrophotonetrically by the method of Asplnall and Ferrier
(106} and found to be 0.15 moles per sugar unit.
Formic acid release fratg polysaccharide C.
The amount of formic acid released by polysaccharide C
on oxidation with potassium metaperiodate was determined by the method
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Methylated Japanese larch arabinogalactan A was hydrolysed to give
the following methylated sugars:- 2,3?5-tri-0-methyl-L-arabinose,
2,3,b-tri-O-methyl-L-arabinose, 2,5-di-O-methyl-L-arabihose, 2,3,Ut6-
tetra-0-methyl-D-galactose, 2,b,6-tri-0-methyl-D=:galactose, 2,3#b-tri-
C-methyl-D-gala5tose, 2,6-di-0-rnethyl-T5-galacto se, 2,b-di-0-methyl-D-
galactose and 2-0-methyl-D-galactose.
Partial hydrolysis of arabinogalactan A with 0.Q1N liydrochloric
acid afforded ^-O-p-L-arabinopyranosyl-Jr-arabinose.
The primary hydroxyl groups of terminal non-reducing galactose and
arabinofuranose residues in the polysaccharide were oxidised to
carboxylic acid groups via procedures involving tritylation, methylation,
detritylation and oxidation. Hydrolysis of the resulting oxidised
methylated polysaccharide afforded neutral and acidic sugar fractions.
A chromatographic examination of the cleavage products from the acidic
sugar fraction showed 2,3»U-tri-0-methylgalactose, 2,b-di-0-methyl-
galactose and 2,3fb-tri-0-methylgalacturonic acid. Reduction of the
acidic sugar fraction with lithium aluminium hydride followed by a
chromatographic examination of the cleavage products showed 2,3-di-O-
me thylarabinose, 2,3,b-tri-T)-methylgalactose and 2,b-di-£-methyl- °*
galactose. A portion of the acidic sugar fraction was reraethylated
and a chromatographic examination of the cleavage products showed
2,3»U-tri-D-methylgalactose and 2,3,b-tri-£-methylgalacturonic acid.
Reduction of the remethylated acidic sugar fraction with lithium
aluminium hydride, followed by a chromatographic examination of the
cleavage products, showed 2,3-di-O-methylarabinose and 2,3,b-tri-0-
methy1galactose.
The structural significance of these results is discussed.
Araucaria bidwilli gum had [a]]), +11°. The polysaccharide was
partially hydrolysed with N sulphuric acid when the following sugars
were identified:- D-galactose, L-arabinose, L-rhamnose, 6-0-
(3-D-glucopyranosyluronic acid)-D-galactose and 6-0-(b-0~methyl-3~D-
glucopyranosyluronic acid)-D-galactose.
A chromatographic examination of the cleavage products from the
fully methylated polysaccharide showed:- 2,3,b-tri-0-methylrhamnose,
2,3f5-tri-0-methylarabinose, 2,3,b-tri-0-methylarabinose, 2,5-di-0-
methylarabinose, 2,3>b»6-tetra-Q-methylgalactose, 2,b,6-tri-0-
me thy1galac to se, 2,3»b-1ri-0-methylgalac to se, 2,b-di-f>-me thylgalac tose,
2-0-methylgalactose and 2,37b-tri-G-rnethylglucuronic acid.
The polysaccharide was oxidised with sodium raetaperiodate and the
resulting polyaldehyde was reduced with potassium borohydride. The
polyalcohol was hydrolysed with N sulphuric acid at room temperature
to give a degraded polymer and low molecular weight material. The
degraded polysaccharide was subjected to a second periodate oxidation
and Smith degradation to give a further degraded polysaccharide. Both
Smith degraded polysaccharides were shown by methylation, partial
hydrolysis and periodate oxidation studies to consist substantially of
(1-3) -linked galactopyranose residues.
The /
Use other side if necessary.
The structural significance of these results is discussed.
The structural features of Japanese larch arabinogalactan A
and Araucaria bidwllli gum are compared with those of other
coniferous wood aratinogalactans and galactan-based gums.
